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SmiMARY
I n  t h e  i n t r o d u c t i o n  a  b r i e f  h i s t o r i c a l  re v ie w  i s  g iv e n  of 
t h e  im p o r ta n c e  o f  h i s t a m i n e  a s  t h e  a g e n t  r e s p o n s i b l e  f o r  t h e  
d ev e lo p m en t o f  t h e  s i g n s  and  symptoms o f  a n a p h y l a c t i c  shock  i n  
s e v e r a l  a n im a l  s p e c i e s .  V a r io u s  a s p e c t s  o f  h i s t a m i n e  m e tab o l ism  
a r e  c o n s id e r e d ,  i n c l u d i n g  t h e  o r i g i n ,  t h e  i n t r a c e l l u l a r  
d i s t r i b u t i o n  and t h e  r a t e  o f  d e t o x i c a t i o n  o f  t h i s  s u b s ta n c e  by 
h i s t a m i n a s e  i n  n o rm a l  and s e n s i t i v e  i n d i v i d u a l s ,  and t h e  k tn e t iC s  
o f  i t s  r e l e a s e  d u r in g  sh o c k .  A p o s s i b l e  c o n n e c t io n  i s  s u g g e s te d  
b e tw e en  t h e  m e ta b o l i c  f u n c t i o n  o f  m i to c h o n d r ia  and p r o t e i n  
m e ta b o l is m  on t h e  one hand  and t h e  m e ta b o l ism  o f  h i s t a m in e  on th e  
o t h e r .  T h is  scheme i s  c o r r e l a t e d  w i th  t h e  a b i l i t y  o f  i n t r a ­
c e l l u l a r  p a r t i c l e s  t o  s y n t h e s i z e  h ig h  e n e rg y  p h o sp h a te  bonds .
I n  t h e  e x p e r i m e n ta l  s e c t i o n  i t  i s  shown t h a t  h i s t a m in e -  
l i b e r a t i n g  d ru g s  can  r e l e a s e  h i s t a m i n e  fro m  t i s s u e  hom ogenates , 
b u t  t h a t  t h i s  a c t i o n  c a n n o t  be  a s s o c i a t e d  w i th  changes  i n  th e  
a c t i v i t y  o f  i n t r a c e l l u l a r  p r o t e o l y t i c  enzym es. E v id en ce  i s  g iv e n  
t h a t  t h r e e  p o w e r fu l  h i s t a m i n e  l i b e r a t o r s  r e a c t  v / i th  a d e n o s in e  
t r i p h o s p h a t e  and s e v e r a l  o t h e r  p h o s p h a te s  a t  e x t re m e ly  low 
c o n c e n t r a t i o n s ,  and  t h a t  i n t r a v e n o u s  ATP can  m o d ify , o r  even 
a n n u l  t h e  a c t i o n  o f  t h e s e  d ru g s  i n  t h e  i n t a c t  a n im a l .
A m echanism  o f  h i s t a m i n e  r e l e a s e  d ep en d in g  on th e  m e ta b o l ic  
a c t i v i t y  o f  t h e  m i to c h o n d r ia  i s  s u g g e s te d  i n  t h e  d i s c u s s i o n .
T h is  a t t e m p t s  t o  e x p l a i n  t h e  e x p l o s iv e  n a t u r e  o f  h i s t a m in e  r e l e a s e  
b o th  d u r in g  a n a p h y la x i s  and d u r in g  t h e  a c t i o n  o f  t h e  l i b e r a t i n g  
d r u g s .  I t  a l s o  o f f e r s  a  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  a p p e a ran c e  
o f  sm ooth  m u sc le  s t i m u l a t i n g  p o l y p e p t i d e s .
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1.
1 . EARLY THEORIES OF THE MECHANISM OF MAPHYLAXIS AND 
THE ORIGIN OF HISTAIvIINE.
The c o n d i t i o n  known a s  a n a p h y la x i s  was f i r s t  d e s c r ib e d  by 
R ic h e t  d u r in g  i n v e s t i g a t i o n s  on p o is o n o u s  p r o t e i n s  from  s e a -  
anemones ( R i c h e t ,  1 9 0 2 ) .  I n  d o g s ,  s m a l l  in t r a v e n o u s  d o se s  o f  
e x t r a c t s  c o n t a i n i n g  t h e s e  s u b s t a n c e s  i n i t i a l l y  p ro d u ced  v e ry  
m i ld  t o x i c  e f f e c t s  w h ich  soon  d i s a p p e a r e d .  Yfhen t h e  i n j e c t i o n s  
w ere  r e p e a t e d  t h r e e  weeks l a t e r ,  t h e  same a n im a ls  d e v e lo p e d  
su c h  v i o l e n t  symptoms o f  p o i s o n in g  t h a t  d e a th  o c c u r r e d  w i th in  
a  few m in u te s .  T h is  u n u s u a l  r e s p o n s e  was n o t  due s im p ly  to  a  
c u m u la t iv e  e f f e c t  o f  t h e  p o is o n ,  a s  a  s u c c e s s io n  o f  i n j e c t i o n s  
g iv e n  e v e ry  3 -5  days  p ro d u ced  o n ly  v e r y  m ild  t o x i c  e f f e c t s .  
D u r in g  an  i n t e r v a l  o f  t h r e e  weeks how ever, t h e  a n im a ls  
a p p a r e n t l y  became so  h y p e r s e n s i t i v e  t o  t h e  e x t r a c t  t h a t  a n o th e r  
i n j e c t i o n  o f  i t  now p ro v o k ed  t h e  f a t a l  r e s p o n s e  w hich  R ic h e t  
c a l l e d  '’a n a p h y l a c t i c ” sh o c k .
I t  was fo u n d  t h a t  a  co m p arab le  c o n d i t i o n  c o u ld  be dev e lo p ed  
by u s i n g  a  w ide v a r i e t y  o f  n o n - t o x i c  p r o t e i n s  a s  a n t i g e n s .  I t s  
s u c c e s s f u l  a p p e a ra n c e  depended  on two e x p e r im e n ta l  c o n d i t i o n s .  
F i r s t l y ,  s u f f i c i e n t  t im e  had  t o  e l a p s e  be tw een  t h e  two i n j e c t i o n s  
o f  t h e  a n t i g e n ,  and s e c o n d ly ,  i t  was e s s e n t i a l  t o  u s e  t h e  same 
p r o t e i n  i n  b o th  o f  them . The s p e c i f i c i t y  o f  t h e  r e a c t i o n  was 
i n  f a c t  fo u n d  t o  be r e m a rk a b ly  h ig h .  A f t e r  t h e  a d m i n i s t r a t i o n  
o f  t h e  i n i t i a l  s e n s i t i z i n g  d o s e ,  a  s l i g h t  c h e m ic a l  change i n  th e  
a n t i g e n  m o le c u le  made i t  c o m p le te ly  i n c a p a b l e ,  when i n j e c t e d ,  o f  
e l i c i t i n g  a  s t a t e  o f  sh o c k . (S e e  L a n d s t e i n e r ,  1 9 4 5 .)
2.
The symptoms o f  a n a p h y la x i s  v a r i e d  c o n s i d e r a b l y  from  
s p e c i e s  t o  s p e c i e s ,  a  f a c t  w hich  was t a k e n  t o  i n d i c a t e  t h a t  
d i f f e r e n t  m echanism s and o rg a n s  w ere in v o lv e d .  I n  t h e  g u i n e a -  
p i g  f o r  i n s t a n c e ,  t h e  r e s p i r a t o r y  sy s te m  was p r i n c i p a l l y  
a f f e c t e d ,  w h i le  i n  t h e  r a b b i t  and dog, c i r c u l a t o r y  and c a r d i a c  
c o m p l ic a t io n s  w ere p ro m in e n t .  I n  any  one s p e c i e s  hov/ever, 
a n a p h y la x i s  was a lw a y s  accom pan ied  by  t h e  same symptoms w h a te v e r  
a n t i g e n  was u s e d .  A l l  t h e  e v id e n c e  e v e n t u a l l y  showed t h a t  th e  
h y p e r s e n s i t i v i t y  f i r s t  o b s e rv e d  by  R ic h e t  was n o t  i n  any way 
c o n n e c te d  w i th  t h e  t o x i c i t y  o f  t h e  a n t i g e n s  he happened  to  
em ploy, n o r  was i t  a  r e s p o n s e  p e c u l i a r  t o  t h e  dog. F u r th e rm o re ,  
a n a p h y la x i s  was fo u n d  to  p o s s e s s  s e v e r a l  f e a t u r e s  i n  common w ith  
t h e  immune r e a c t i o n s  o f  b a c t e r i a l  i n f e c t i o n s .  F o r  i n s t a n c e :
( i )  t h e  t e c h n i q u e s  u se d  f o r  d e v e lo p in g  a r t i f i c i a l  im m unity and 
h y p e r s e n s i t i v i t y  b o th  in v o lv e  t h e  u s e  o f  p r o t e i n  a n t i g e n s ;
( i i )  t h e  immune r e a c t i o n  and t h e  a n a p h y l a c t i c  r e s p o n s e  a r e  so 
h i g h l y  s p e c i f i c  t h a t  b o th  a r e  e x t r e m e ly  s e n s i t i v e  t o  even s l i g h t  
ch an g es  i n  t h e  a n t i g e n  m o le c u le ;
( i i i )  i f  a  n o rm a l a n im a l  i s  i n j e c t e d  w i th  t h e  serum  o f  a  
r e c e n t l y  s e n s i t i z e d  one, t h e n  i t  w i l l  become " p a s s i v e l y ” 
a n a p h y l a c t i c .  T h is  c o n d i t i o n ,  l i k e  p a s s i v e  im m unity  i s  
t r a n s f e r r e d  o n ly  when t h e  d o n o r 's  serum  a l r e a d y  c o n t a in s  an  
a p p r e c i a b l e  c o n c e n t r a t i o n  o f  t h e  a n t i b o d i e s .
3 .
T hese  s i m i l a r i t i e s  w ere  j u s t i f i a b l y  r e g a r d e d  a s  e v id e n c e  
t h a t  i n  an  a n a p h y l a c t i c  sh o ck  an  a n t i g e n - a n t i b o d y  r e a c t i o n  
o c c u r s ,  j u s t  a s  i n  an  immune r e s p o n s e  t o  an  i n f e c t i o u s  m ic ro ­
o rg a n ism . I t  i s ,  t h e r e f o r e ,  h a r d l y  s u r p r i s i n g  t h a t  t h e  e a r l y  
t h e o r i e s  o f  t h e  m echanism  in v o lv e d  i n  a n a p h y la x i s  w ere b a se d  
on t h e  a s s u m p t io n  t h a t  t h e  p r im a r y  r e a c t i o n  o c c u rs  i n  t h e  b lo o d .
The f i r s t  t h e o r y  o f  t h e  m echanism  o f  a n a p h y la x i s  was 
d e v e lo p e d  by  B i e d l  and  K raus  i n  i g o g .  They n o t i c e d  t h a t  i n  th e  
dog t h e  symptoms o f  a n a p h y l a c t i c  sh o ck  w ere p r a c t i c a l l y  i d e n t i c a l  
w i th  t h o s e  o f  p e p to n e  p o i s o n in g  (Sclom idt-M ulheim , I 8 8 O). B oth 
c o n d i t i o n s  showed t h e  same p i c t u r e  o f  c i r c u l a t o r y  and r e s p i r a t o r y  
c o l l a p s e  acco m p an ied  by a  l e n g t h e n i n g  o f  t h e  c l o t t i n g  t im e  o f  
t h e  b lo o d .  A n a p h y la x is  came t o  be r e g a r d e d  t h e r e f o r e  a s  a  
s p e c i a l  fo rm  o f  p e p to n e  p o i s o n i n g .
An a l t e r n a t i v e  t h e o r y ,  how ever, was d e v e lo p e d  by B a le  and 
L a id la w  f o l l o w i n g  t h e  i s o l a t i o n  o f  h i s t a m i n e  from  e r g o t  and 
t h e i r  d i s c o v e r y  t h a t  i t s  p r i n c i p a l  a c t i o n  i n  t h e  body was t o  
i n c r e a s e  t h e  to n e  o f  sm ooth m u sc le  (B a le  and L a id la w , I 9 IO ) .
They fo u n d  t h a t  i n  r o d e n t s  t h e  o rg a n s  m ost s e n s i t i v e  t o  h i s t a m in e  
w ere t h e  u t e r u s ,  l a r g e  b lo o d  v e s s e l s  and b r o n c h i o l e s ,  spasm of 
t h e  l a t t e r  f r e q u e n t l y  c a u s in g  d e a th  by  a s p h y x ia .  I n  c a r n i v o r a ,  
a s  i n  o t h e r  s p e c i e s ,  h i s t a m i n e  c o n s t r i c t e d  t h e  a r t e r i o l e s ,  b u t  
t h i s  c i r c u l a t o r y  r e s p o n s e  was o u tw e ig h ed  by a  g e n e r a l  c a p i l l a r y  | 
v a s o d i l a t i o n  v/hich l e d  t o  a  s h a rp  f a l l  i n  s y s te m ic  b lo o d  p r e s s u r e .
4 .
D ale  and L a id la w  n o t i c e d  t h a t  some o f  t h e  r e s p i r a t o r y  and 
c i r c u l a t o r y  c o m p l i c a t i o n s  p ro d u ce d  by h i s t a m i n e  w ere v e ry  
s i m i l a r  t o  t h o s e  a p p e a r in g  i n  p e p to n e  and  a n a p h y l a c t i c  sh o ck . 
F o r  t h i s  r e a s o n  t h e y  s u g g e s te d  t h a t  h i s t a m i n e  m ig h t be in v o lv e d  
i n  t h e s e  two c o n d i t i o n s .  The i s o l a t i o n  o f  c o n s i d e r a b l e  am ounts 
o f  t h i s  s u b s t a n c e  f ro m  p e p to n e  by  Hanke and K o e r s l e r  i n  1920 
i n i t i a l l y  s u p p o r te d  t h i s  v iev/, b u t  o t h e r  e v id e n c e  soon made i t  
a p p e a r  t o  be u n t e n a b l e .  I t  was p o s s i b l e ,  by u s i n g  a s c e p t i c  
c o n d i t i o n s ,  t o  p r e p a r e  h i s t a m i n e - f r e e  p e p to n e  w hich  was s t i l l  
c a p a b le  o f  p r o d u c in g  a  sh o ck  ( C l a r k ,  1 9 2 4 ) .  F u r th e rm o re ,  a  
c o m p a r iso n  o f  t h e  symptoms o f  h i s t a m i n e  p o is o n in g  w i th  th o s e  o f  
a n a p h y l a c t i c  and p e p to n e  sh o ck  r e v e a l e d  so many d i s c r e p a n c i e s  
t h a t  i t  seemed r a t h e r  u n l i k e l y  t h a t  h i s t a m i n e  c o u ld  p o s s i b l y  be 
an  im p o r ta n t  common f a c t o r  i n  t h e  two l a t t e r  c o n d i t i o n s  a s  w e l l .  
I n  t h e  s e n s i t i z e d  dog f o r  i n s t a n c e ,  h e p a te c to m y  c o m p le te ly  
p r e v e n t s  t h e  d ev e lo p m en t o f  a n a p h y la x i s .  The i n t e n s i t y  o f 
p e p to n e  sh o ck  how ever i s  r e d u c e d  t o  o n ly  a  s l i g h t  e x t e n t ,  w h ile  
t h e  s e v e r i t y  o f  h i s t a m i n e  p o i s o n in g  re m a in s  p r a c t i c a l l y  
u n a l t e r e d  (M anw aring e t  a l ,  1 9 2 2 ) .  I n  a d d i t i o n ,  h i s t a m in e  does 
n o t  change t h e  c l o t t i n g  t im e  i n  t h i s  s p e c i e s ,  w h i le  i n  t h e  
o t h e r  two c o n d i t i o n s  i t  i s  c o n s i d e r a b l y  p ro lo n g e d .  A n ap h y lax is  
i n  t h e  r a b b i t  c a u s e s  a  d ro p  i n  body t e m p e r a tu r e ,  b u t  t h i s  e f f e c t  
i s  a b s e n t  i n  p e p to n e  and h i s t a m i n e  shock  ( B a l l y ,  1 9 2 9 ) .  The 
i s o l a t e d  s e n s i t i z e d  u t e r u s  o f  t h e  r a t  c o n t r a c t s  i n  t h e  p re s e n c e  
o f  t h e  a n t i g e n  b u t  r e l a x e s  w i th  h i s t a m i n e  (K e lla w a y , 1 9 3 0 ) .
5.
F i n a l l y ,  i n  t h e  g u i n e a - p i g ,  q u in in e  i n t e n s i f i e s  t h e  symptoms 
o f  a n a p h y l a x i s ,  y e t  i s  w i th o u t  e f f e c t  on t h o s e  o f  h i s t a m in e  
p o i s o n i n g  (S m ith ,  1 9 2 0 ) .
As a  r e s u l t  o f  a l l  t h i s  e v id e n c e ,  t h e  s u g g e s t i o n  t h a t  
h i s t a m i n e  was r e s p o n s i b l e  f o r  t h e  p r i n c i p a l  symptoms o f  
a n a p h y la x i s  seemed t o  be  u n t e n a b l e .  A w id e ly  a c c e p te d  
a l t e r n a t i v e  t h e o r y ,  w hich  had  t h e  added  a d v a n ta g e  o f  s u p p o r t in g  
t h e  i d e a s  o f  B i e d l  and E ra u s  ( 1 9 0 9 ) ,  was d e v e lo p e d  by Vaughan 
i n  1913. He showed t h a t  t h e  a l k a l i n e  h y d r o l y s i s  o f  p r o t e i n s  
y i e l d s  e x t r e m e ly  t o x i c  e n d - p r o d u c ts  w hich  he  c o l l e c t i v e l y  c a l l e d  
”a n a p h y l a t o x i n s ” ( B e s t  and McHenry, 1 9 3 1 ) .
T h ese , he  s u g g e s te d ,  w ere n o rm a l c o n s t i t u e n t s  o f  a l l  
p r o t e i n s ,  t h e i r  p r e s e n c e  b e in g  r e v e a l e d  v/hen t h e  m a cro -m o lecu le  
was d e g ra d e d  u n d e r  s u i t a b l y  m i ld  c o n d i t i o n s .  The i n i t i a l  
s e n s i t i z a t i o n  o f  an  a n im a l  p ro d u c e d ,  a c c o r d in g  t o  Vaughan, a  
s p e c i f i c  p r o t e o l y t i c  enzyme i n  t h e  b lo o d ,  w hich  h y d ro ly s e d  
t h e  a n t i g e n  v</hen i t  was i n j e c t e d  f o r  t h e  seco n d  t im e .  The 
s u b s e q u e n t  r e l e a s e  o f  a n a p h y la t  o x in s  i n t o  t h e  c i r c u l a t i o n  th e n  
l e d  t o  t h e  d eve lopm en t o f  sh q c k .  A lk a l in e  h y d r o l y s i s  o f  t h e  
p r o t e i n  i n  v i t r o  w ould , o f  c o u r s e ,  e n a b le  a  s i n g l e  i n j e c t i o n  o f  
t h e  e n d - p r o d u c t s  t o  h av e  a  s i m i l a r  e f f e c t .  U n f o r t u n a t e l y ,  t h e  
n a t u r e  o f  ”a n a p h y l a t o x i n ” was n e v e r  d e f i n i t e l y  d e te rm in e d .  A 
co m p ar iso n  o f  i t s  p h y s i o l o g i c a l  a c t i o n s  w i th  t h o s e  o f  h i s t a m in e  
made i t  p r o b a b le  t h a t  t h e  two w ere i d e n t i c a l .  Hov/ever, 
d i f f e r e n c e s  i n  t h e i r  s t a b i l i t y  a t  v a r i o u s  s e v e n t u a l l y  
e l i m i n a t e d  t h i s  p o s s i b i l i t y  ( B e s t  and  McHenry, 1 9 3 1 ) .
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V a u g h a n 's  t h e o r y  t h u s  im p l ie d  t h a t  t h e  enzymic h y d r o l y s i s  
o f  t h e  a n t i g e n  m o le c u le  l i b e r a t e d  a n a p h y la t o x in .  As t h i s  
r e a c t i o n  was su p p o se d  t o  o c c u r  i n  t h e  b lo o d ,  t h e  enzyme most 
l i k e l y  t o  be in v o lv e d  seemed t o  be serum  t r y p s i n  ( F r i e d b e r g e r ,  
1 9 0 9 ) .  However, a t t e m p t s  t o  show t h a t  t h i s  was a c t i v a t e d  d u r in g  
a n a p h y la x i s  f a i l e d .  S i m i l a r l y ,  m easu rem en ts  w hich  w ere e x p e c te d  
t o  show a  r i s e  i n  c i r c u l a t i n g  n o n - p r o t e i n  n i t r o g e n  d u r in g  shock  
w ere a l s o  u n s u c c e s s f u l  (A uer and Van S ly k e ,  1913; B a rg e r  and 
D a le ,  1 9 1 4 ) .  An added  c o m p l ic a t io n  t o  t h e  a c c e p ta n c e  o f  t h i s  
enzym ic m echanism  was t h e  f a c t  t h a t  t h e  symptoms of shock  
a p p e a r e d  a lm o s t  im m e d ia te ly  a f t e r  t h e  i n j e c t i o n  o f  t h e  a n t ig e n  
( W e l l s ,  1 9 0 8 ) .  F o r  t h i s  t o  h a p p e n , t h e  sp e ed  o f  h y d r o l y s i s  
w ould h av e  t o  be  u n u s u a l l y  h ig h  f o r  an  enz^^nmic p r o c e s s .  In  
a d d i t i o n ,  i t  was m ost u n l i k e l y  t h a t  t h e  e x t re m e ly  m in u te  amount 
o f  a n t i g e n  n e e d e d  t o  p r e c i p i t a t e  a  shock  r e s p o n s e  c o u ld  p o s s i b l y  
s u p p ly  s u f f i c i e n t  a n a p h y la t  o x in  t o  d e v e lo p  s e v e r e  p o is o n in g  
(W e l l s ,  1 9 0 8 ) .  T h is  o b j e c t i o n  was p a r t i a l l y  c o u n te r e d  by  th e  
s u g g e s t i o n  t h a t  t h e  enzyme d i g e s t s  n o t  o n ly  t h e  a n t i g e n  m o le cu le  
b u t  t h e  p la sm a  p r o t e i n s  a s  w e l l  ( J o b l i n g  and P e t e r s e n ,  1 9 1 4 ) .
The p ro b lem  o f  t h e  sp e e d  o f  t h e  r e a c t i o n  how ever s t i l l  rem ained  
and was l a r g e l y  r e s p o n s i b l e  f o r  t h e  e v e n tu a l  r e j e c t i o n  o f  
V a u g h a n 's  " e n z y m a t ic ” t h e o r y  and i t s  r e p la c e m e n t  by a  " c o l l o i d a l ” 
m echanism  o f  t o x i n  f o r m a t io n .
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T h is  t h e o r y  o r i g i n a t e d  w i th  t h e  d i s c o v e r y  t h a t  
a n a p h y la t  o x i n - l i k e  s u b s t a n c e s  a r e  p ro d u ced  when b lo o d  serum  i s  
b ro u g h t  i n t o  c o n t a c t  f o r  a  v e r y  s h o r t  t im e  w i th  v a r i o u s  g e l s  
s u c h  a s  a g a r ,  s t a r c h  and i n u l i n  (K o p aczew sk i,  1 9 1 9 ) .  D uring  
t h e  r e a c t i o n  a  f l o c c u l a t i o n  a p p e a r s  i n  t h e  serum  and p h y s i c a l  
c h a n g es  o c c u r  s u c h  a s  a  d ro p  i n  s u r f a c e  t e n s i o n  and a  r i s e  i n  
v i s c o s i t y  o f  t h e  b lo o d .  Hence K o p a c z e w sk i ' s s u g g e s t i o n  t h a t  
c o l l o i d a l  ch an g es  i n  t h e  p lasm a w ere r e s p o n s i b l e  f o r  b o th  t h i s  
e f f e c t  and t h e  a p p e a ra n c e  o f  a n a p h y la t o x in  v;as v e r y  w id e ly  
a c c e p te d .  I t  h ad  a  f u r t h e r  a d v a n ta g e  o v e r  V au g h a n 's  enzym atic  
t h e o r y  i n  t h a t  i t  s u c c e s s f u l l y  overcam e t h e  c o m p l ic a t io n s  
c o n n e c te d  w i th  t h e  sp e e d  o f  t h e  r e a c t i o n ,  o r i g i n a l l y  p o in te d  
o u t by W e lls  ( 1 9 0 8 ) ,
The s i m i l a r i t y  o f  t h e  symptoms i n  " c o l l o i d a l ” a n a p h y la t  o x in  
p o i s o n in g  and t h o s e  o f  a n a p h y la x i s  w ere r e m a rk a b ly  c l o s e  and 
s e rv e d  a s  f u r t h e r  s u p p o r t  f o r  K o p ac z ew sk i ' s t h e o r y .  I n  t h e  
g u i n e a - p i g  f o r  i n s t a n c e ,  d e a th  was due t o  a s p h y x ia ,  w h i le  i n  th e  
dog i t  was c a u se d  by  h y p o te n s io n  and l i v e r  oedema. K a r s n e r  and 
H a n z l ik  (19 1 9 )  d i s c o v e r e d ,  how ever, t h a t  v e ry  s m a l l  q u a n t i t i e s  
o f  t h e  g e l s  u s e d  t o  p ro d u c e  t h e  t o x i n  w ere th e m s e lv e s  c a p a b le  o f  
c a u s in g  th ro m b o s is  when i n j e c t e d  i n t o  t h e  c i r c u l a t i o n .  The 
r e s u l t i n g  o c c l u s i o n  o f  t h e  c a p i l l a r i e s  i n  t h e  l u n g s ,  h e a r t  and 
l i v e r  was shown t o  be  r e s p o n s i b l e  f o r  t h e  a p p e a ra n c e  o f  
a n a p h y l a c t i c - l i k e  symptoms i n  t h e s e  a n im a ls .  I n  i s o l a t e d  o rgans  
t h e y  fo u n d  t h a t  th r o m b o s is  was so e x t e n s i v e  t h a t  t h e  c i r c u l a t i o n
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o f  t h e  p e r f u s i o n  f l u i d  was c o m p le te ly  a r r e s t e d ,  a  c o n d i t i o n  
w h ich  i s  n e v e r  e n c o u n te r e d  i n  s e n s i t i z e d  o rg a n s  when th e y  a r e  
p e r f u s e d  w i th  t h e i r  s p e c i f i c  a n t i g e n .  F u r th e rm o re ,  th ro m b o s is  
i s  a  c o m p l ic a t io n  w hich  i s  e n t i r e l y  a b s e n t  i n  b o th  a n a p h y la x i s  
and p e p to n e  p o i s o n i n g  i n  i n t a c t  a n im a l s .  F o r  t h e s e  r e a s o n s ,  
K a r s n e r  and  H a n z l ik  s u g g e s te d  t h a t  t h e  t o x i c  e f f e c t s  w hich 
K opaczew ski o b ta in e d  w ere due t o  c o n ta m in a t io n  o f  t h e  serum  w i th  
m in u te  am ounts o f  t h e  c o l l o i d  w i th  w hich  i t  was in c u b a te d .  The 
f a c t  t h a t  t h e  r e s u l t i n g  symptoms w ere s i m i l a r  o r  even i d e n t i c a l  
w i th  t h o s e  o f  a n a p h y la x i s  was s im p ly  a  c o in c id e n c e  and n o t  an  
i n d i c a t i o n ,  a s  g e n e r a l l y  su p p o se d ,  t h a t  s i m i l a r  m echanism s were 
in v o lv e d .
The g r e a t e s t  o b j e c t i o n  t o  t h e  c o l l o i d a l  t h e o r y  was, how ever, 
t h e  u n p h y s i o l o g i c a l  t r e a t m e n t  t o  w hich  serum  had  t o  be  s u b je c te d  
b e f o r e  t h e  t o x i n  a p p e a r e d .  Assuming K o p aczew sk i*s t h e o r y  t o  be 
c o r r e c t ,  t h e n  t h e  e a s i e s t  way o f  m aking a n a p h y la t  o x in  ought t o  
hav e  b e e n  t h e  i n c u b a t i o n  o f  b lo o d  from  a  s e n s i t i z e d  a n im a l w ith
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i t s  s p e c i f i c  a n t i g e n .  E x p e r im e n ts  b a s e d  on t h i s  c o n c lu s io n  
i n v a r i a b l y  gave  n e g a t i v e  r e s u l t s  (D a le ,  1 9 2 0 ) ,  and y e t  t h e  t o x i n  
r e a d i l y  a p p e a re d  when u n p h y s i o l o g i c a l  and u n r e l a t e d  m a t e r i a l s  
su c h  a s  a g a r ,  k a o l i n  and s t a r c h  w ere s u b s t i t u t e d  f o r  t h e  s p e c i f i c  
a n t i g e n .  A n a p h y la t  o x in  f o r m a t io n  th u s  a p p e a re d  t o  be  a  g e n e r a l  
ty p e  o f  t o x i c  r e a c t i o n  w hich  had  v e r y  l i t t l e  i n  common w i th  th e  
h i g h l y  s p e c i f i c  m echanism s o c c u r r i n g  i n  a n a p h y la x i s .
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The e n z y m a tic  ;and c o l l o i d a l  t h e o r i e s  o f  a n a p h y la to x in  
f o r m a t io n  b o th  assum ed t h a t  t h e  a n t i g e n - a n t i b o d y  r e a c t i o n  
o c c u r r e d  i n  t h e  b lo o d .  E v id e n c e  g r a d u a l l y  a c c u m u la te d  t o  show 
t h a t  t h i s  v iew  was i n c o r r e c t .  M anwaring (1910) e x s a n g u in a te d  
a  s e n s i t i z e d  a n im a l  and t h e n  r e s t o r e d  i t s  c i r c u l a t i o n  w i th  b lo o d  
f rom  a  n o rm a l a n im a l .  When t h e  s p e c i f i c  a n t i g e n  was now i n j e c t e d ,  
an  a n a p h y l a c t i c  sh o c k  d e v e lo p e d .  U nder t h e s e  c i r c u m s ta n c e s ,  an 
a n t i g e n - a n t i b o d y  r e a c t i o n  i n  t h e  b lo o d  was r a t h e r  u n l i k e l y  b u t  
n o t  e n t i r e l y  i m p o s s ib l e .  U n d ra in e d  c a p i l l a r i e s  m ig h t have  
em p tie d  t h e i r  a n t i b o d i e s  i n t o  t h e  n o rm a l b lo o d ,  and a l th o u g h  
c o n s i d e r a b l y  d i l u t e d  t h e y  would s t i l l  have  b e e n  a b l e  t o  r e a c t  
w i th  t h e  a n t i g e n  i n  t h e  c i r c u l a t i o n .  H ence, M an w arin g 's  
e x p e r im e n t ,  a l t h o u g h  m aking i t  r a t h e r  u n l i k e l y ,  d id  n o t  
d e f i n i t e l y  e x c lu d e  t h e  c i r c u l a t i o n  a s  t h e  s i t e  o f  t h e  p r im a ry  
sh o ck  r e a c t i o n .
T h is  was a c h ie v e d  by  S c h u l t z  and D a le  u s in g  i s o l a t e d  o rgan  
p r e p a r a t i o n s  ( S c h u l t z ,  1912; D a le ,  1 9 1 2 ) .  The t i s s u e s  o f 
s e n s i t i z e d  g u i n e a - p i g s  w ere p e r f u s e d  w i th  Locke s o l u t i o n  f o r  a  
c o n s i d e r a b l e  t im e  so  t h a t  a l l  t r a c e s  o f  b lo o d  w ere rem oved. In  
t h e  p r e s e n c e  o f  t h e  a n t i g e n ,  t h e  sm ooth m u sc le s  o f  t h e  o rg an s  
r e sp o n d e d  i n  t h e  same way a s  i n  a n a p h y la x i s .  F u r th e rm o re ,  
r e p e a t e d  d o se s  o f  t h e  a n t i g e n  e v e n t u a l l y  p ro d u ced  a  r e f r a c t o r y  
s t a t e  i n  t h e  t i s s u e s ,  j u s t  a s  s e v e r a l  i n o c u l a t i o n s  o f  t h e  a n t ig e n  
a b o l i s h e d  h y p e r s e n s i t i v i t y  i n  t h e  i n t a c t  a n im a l .  These e f f e c t s ,  
i n  t h e  a b s e n c e  o f  b lo o d ,  w’e r e  e x p la in e d  by assu m in g  t h a t  t h e
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a n t i b o d i e s  w ere  a b s o rb e d  i n t o  t h e  t i s s u e  c e l l s  w here t h e  p r im a ry  
a n a p h y l a c t i c  r e a c t i o n  to o k  p l a c e .  An e x c e s s  o f  a n t i g e n  would 
e v e n t u a l l y  d e p l e t e  t h e  t i s s u e s  o f  t h e  a n t ib o d y .  No f u r t h e r  
r e a c t i o n s  w ould o c c u r  and  c o n s e q u e n t ly  a  r e f r a c t o r y  s t a t e  would 
t h e n  e x i s t .
T h is  c e l l u l a r  m echanism  o f  a n a p h y la x i s  came t o  be s u p p o r te d  
by a  c o n s i d e r a b l e  amount o f  f u r t h e r  e v id e n c e .  F o r  i n s t a n c e ,
W eil showed t h a t  t h e  p r e s e n c e  o f  f r e e  a n t i b o d i e s  i n  t h e  
c i r c u l a t i o n  h i n d e r s  t h e  d ev e lopm en t o f  an  a n a p h y l a c t i c  shock  in  
t h e  i n t a c t  a n im a l  ( s e e  D ale  and K e lla w a y , 1 9 2 1 ) .  T h is  was 
c o n f irm e d  by D a le  and  K e llaw ay  (19 2 1 )  u s i n g  i s o l a t e d  o rg a n s .  A 
g u i n e a - p i g  was p a s s i v e l y  s e n s i t i z e d  t o  egg album en by i n j e c t i n g  
i t  w i th  t h e  s p e c i f i c  a n t i b o d i e s  p r e v i o u s l y  d e v e lo p e d  i n  a  r a b b i t .  
The u t e r u s  was w ashed f r e e  o f  b lo o d  and th e n  b i s e c t e d .  One h o rn  
r e sp o n d e d  t o  l / l 0 , 0 0 0 , 0 0 0  o f  t h e  a n t i g e n  and a f t e r  a  few 
e x p o s u re s  became d e s e n s i t i z e d .  The o t h e r  h o rn  was th e n  p la c e d  in  j
I
a  b a t h  c o n t a i n i n g  a n t ib o d y ,  i . e .  t h e  immune serum  o f  t h e  r a b b i t .
I
The a d d i t i o n  o f  t h e  a n t i g e n  i n  am ounts s i m i l a r  t o  th o s e  u sed  on '
t h e  o t h e r  p a r t  o f  t h e  u t e r u s  f a i l e d  t o  e l i c i t  an a n a p h y la c t i c  ;
r e s p o n s e .  T h is  was d e v e lo p e d ,  how ever, when t h e  p r e p a r a t i o n  I
was i n i t i a l l y  w ashed f r e e  o f  e x c e s s  a n t ib o d y .
H ence, i n  i s o l a t e d  o r g a n s ,  a s  i n  t h e  i n t a c t  a n im a l ,  t h e  :
a p p e a ra n c e  o f  a  s t a t e  o f  shock  was h in d e r e d  by t h e  p r e s e n c e  o f 
an  e x c e s s iv e  amount o f  f r e e  a n t ib o d y .  I t  seemed u n l i k e l y  
t h e r e f o r e  t h a t  t h e  p r im a ry  a n t i g e n - a n t i b o d y  r e a c t i o n  o c c u r re d  j
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s im p ly  i n  t h e  b lo o d .  The m ost l i k e l y  s i t e  o f  t h i s  r e a c t i o n  now 
a p p e a re d  t o  be t h e  a c t u a l  t i s s u e s  th e m s e lv e s .
A f u r t h e r  a d v a n ta g e  o f  t h e  c e l l u l a r  t h e o r y  v/as i t s  a b i l i t y  
t o  a c c o u n t  f o r  t h e  r e f r a c t o r y  p e r io d  o f  p a s s iv e  a n a p h y la x i s  
(W e i l ,  1913; Lev/is , 1 9 3 2 ) .  An i n j e c t i o n  o f  t h e  a n t i g e n  soon 
a f t e r  an  i n o c u l a t i o n  w i th  a n t ib o d y  i n v a r i a b l y  f a i l s  t o  p rovoke 
a  sh o c k .  I n  f a c t ,  s e v e r a l  h o u r s  m ust i n t e r v e n e  b e f o r e  t h e  
a n im a l  becomes h y p e r s e n s i t i v e .  D u rin g  t h i s  n o n - r e a c t i v e  p h a s e ,  
a n t ib o d y  i s ,  o f  c o u r s e ,  r e a d i l y  d e t e c t e d  i n  t h e  p la sm a . By th e  
f o u r t h  h o u r  a f t e r  i t s  a d m i n i s t r a t i o n  how ever, i t s  c o n c e n t r a t i o n  
n o t i c e a b l y  d ro p s  v/hen, s i m u l t a n e o u s ly ,  t h e  s t a t e  o f  p a s s iv e  
h y p e r s e n s i t i v i t y  a p p e a r s .  T h is  r e f r a c t o r y  p e r io d  was o r i g i n a l l y  
r e g a r d e d  a s  b e in g  due s im p ly  t o  t h e  p r o t e c t i v e  a c t i o n  w hich 
c i r c u l a t i n g  a n t i b o d i e s  a r e  known t o  e x e r t .  As a l r e a d y  shov/n, 
t h e s e  a r e  c a p a b le  o f  p r o t e c t i n g  b o th  i s o l a t e d  o rg a n s  and th e  
i n t a c t  a n im a l  fro m  t h e  a c t i o n  o f  t h e  a n t i g e n  (D a le  and K ellaw ay , 
1 9 2 1 ) .  T h is  s im p le  e x p l a n a t i o n  o f  t h e  r e f r a c t o r y  s t a t e  was, 
h ow ever, shown by D ale  t o  be i n a d e q u a te  f o r  he found  t h a t  b e f o r e  
t h e  sh o ck  r e a c t i o n  can  o c c u r ,  t h e  t i s s u e s  m ust f i r s t  ab so rb  
a n t ib o d y  from  t h e  p la sm a . P a s s i v e  s e n s i t i v i t y  t o  h o r s e  serum 
was d e v e lo p e d  i n  g u i n e a - p i g s  by  i n j e c t i n g  them  w i th  t h e  
c o r r e s p o n d in g  a n t i b o d i e s  form ed i n  r a b b i t s .  The i s o l a t e d  
p e r f u s e d  u t e r u s ,  w ashed f r e e  o f  b lo o d ,  i n i t i a l l y  c o n t r a c t e d  when 
s m a l l  d o se s  o f  t h e  a n t i g e n  v/ere p la c e d  i n  t h e  b a t h .  A f t e r  
s e v e r a l  r e s o o n s e s  how ever, t h e  m u sc le s  became d e s e n t i s i t i z e d .
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I t  was now so ak ed  f o r  a t  l e a s t  two h o u r s  i n  t h e  serum  o f  g u in e a -  
p i g s  v/hich had  r e c e n t l y  r e c e i v e d  i n j e c t i o n s  o f  t h e  same a n t ig e n .  
As a  r e s u l t  o f  t h i s  t r e a t m e n t  t h e  u t e r i n e  m usc le  r e g a in e d  i t s  
s e n s i t i v i t y ,  and a f t e r  s e v e r a l  a n a p h y l a c t i c  r e s p o n s e s  t o  th e  
a n t i g e n ,  a g a in  became d e s e n s i t i z e d .  T h is  ex p e r im e n t n o t  o n ly  
d e m o n s t r a te d  t h a t  t h e  a n a p h y l a c t i c  r e a c t i o n  to o k  p l a c e  w i t h i n  
t h e  c e l l s ,  b u t  i t  a l s o  i n d i c a t e d  t h a t  i t s  deve lopm en t depended 
on t h e  p r i o r  a b s o r p t i o n  o f  a n t ib o d y  i n t o  t h e  t i s s u e s .  The 
r e f r a c t o r y  p e r io d  o b s e rv e d  i n  p a s s i v e  a n a p h y la x i s  v/as, t h e r e f o r e ,  
p resum ed t o  be due s im p ly  t o  t h e  s lo w n e ss  o f  t h i s  p r o c e s s .  A f t e r  
a  fev/ h o u r s  c o n t a c t  w i th  t h e  serum , s u f f i c i e n t  a n t ib o d y  would be 
a b s o rb e d  t o  e n a b le  t h e  i n t r a c e l l u l a r  a n t i g e n - a n t i b o d y  r e a c t i o n  
t o  p ro v o k e  an  a n a p h y l a c t i c  sh o ck .
The m echanism  by  w hich  a  c e l l u l a r  a n t i g e n - a n t i b o d y  r e a c t i o n  
p ro d u c e s  an  a n a p h y l a c t i c  shock  re m a in e d  o b sc u re  f o r  a  c o n s id e r ­
a b l e  t im e .  When t h e  b lo o d  was r e g a r d e d  a s  b e in g  t h e  s i t e  of 
t h e  r e a c t i o n ,  t h e  sjnnptoms o f  shock  w ere th o u g h t  t o  be due to  
t h e  f o r m a t io n  o f  a  t o x i n .  Under p h y s i o l o g i c a l  c o n d i t i o n s ,  a l l  
a t t e m p t s  t o  p ro d u c e  t h i s  s u b s t a n c e  i n  t h e  b lo o d  o f  s e n s i t i z e d  
a n im a ls  f a i l e d  c o m p le te ly  ( D a le ,  1 9 2 0 ) .  W ith  t h e  r e a l i z a t i o n  
t h a t  t h e  p r im a ry  r e a c t i o n  o c c u r r e d  i n  t h e  t i s s u e s ,  t h e  s e a r c h  
f o r  t o x i c  e n d - p r o d u c t s  c e n t r e d  on p e r f u s i o n  s t u d i e s  o f  s e n s i t i z e d  
o r g a n s .  I n  t h e  dog i t  was shovm t h a t  a  h i s t a m i n e - l i k e  s u b s ta n c e  
a p p e a re d  i n  t h e  l i v e r  d u r in g  a n a p h y la x i s  (M anwaring e t  a l ,  1925)#
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A s i m i l a r  s u b s t a n c e  was d e t e c t e d  when t h e  lu n g s  o f  s e n s i t i z e d  
g u i n e a - p i g s  w ere p e r f u s e d  w i th  t h e  a n t i g e n  ( B a r to s c h  e t  a l ,  1932), 
I n  t h i s  s p e c i e s ,  h i s t a m i n e  d i f f u s e d  from  s e v e r a l  o t h e r  t i s s u e s  
a s  w e l l ,  f o r  exam ple t h e  a o r t a ,  h e a r t  and s k i n  ( S c h i l d ,  1 9 3 9 ) .
I
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I n  r a b b i t s  a  sh o ck  was accom pan ied  by a  s h a rp  r i s e  i n  t h e  
c o n c e n t r a t i o n  o f  c i r c u l a t i n g  h i s t a m i n e ,  m ost o f  w hich  o r i g i n a t e d  
i n  t h e  l e u c o c y t e s  ( D r a g s t e d t  e t  a l ,  1 9 4 0 ) .
The b a s i s  o f  B a le  and l a i d l a w * s  s u g g e s t i o n  (1910) t h a t  
h i s t a m i n e  i s  an  im p o r ta n t  f a c t o r  i n  a n a p h y la x i s  and p e p to n e  
shock  was t h e  f a c t  t h a t  t h i s  s u b s t a n c e  i s  a b l e  t o  mimic many o f  
t h e  symptoms o f  t h e s e  two c o n d i t i o n s .  I t  h a s  a l r e a d y  b een  
m e n tio n e d  t h a t  d i s c r e p a n c i e s  w ere r e v e a l e d  when c e r t a i n  f e a t u r e s  
o f  a n a p h y l a c t i c  and  p e p to n e  shock  w ere  com pared w i th  th o s e  o f  
h i s t a m i n e  p o i s o n i n g .  On t h i s  e v id e n c e  i t  a p p e a re d  t h a t  D a le 's  
t h e o r y  v/as d i s p r o v e d ;  i t s  e v e n t u a l  w ide a c c e p ta n c e  was th e  
r e s u l t  o f  two l i n e s  o f  e v id e n c e .  F i r s t l y ,  t h e  f r e q u e n t  
d e t e c t i o n  o f  h i s t a m i n e  i n  t h e  e f f l u e n t  a f t e r  t h e  a n t i g e n  had 
been  i n j e c t e d  i n t o  t h e  p e r f u s a t e  o f  a  s e n s i t i z e d  o rg a n .
S e c o n d ly ,  t h e  r e a l i z a t i o n  t h a t  t h e  a c u t e  symptoms o f  shock  were 
due t o  spasm i n  t h e  sm ooth m u sc le  o f  c e r t a i n  s t r i c t l y  l o c a l i s e d  
r e g i o n s .  T hese  m u s c le s  were a l l  fo u n d  t o  be e x t re m e ly  s e n s i t i v e  
t o  h i s t a m i n e ,  even i n  n o rm a l a n im a l s .  F u r th e rm o re ,  t h e i r  
d i s t r i b u t i o n  v a r i e d  from  s p e c i e s  t o  s p e c i e s  and a c c o u n te d  f o r  
t h e  c h a r a c t e r i s t i c  symptoms w hich  a p p e a re d  d u r in g  shock  i n  any 
p a r t i c u l a r  s p e c i e s .  I n  t h e  dog t h e  h e p a t i c  v e i n s  a r e
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c o n s t r i c t e d ,  i n  t h e  r a b b i t  t h e  pu lm onary  a r t e r y  and i t s  b ra n c h e s
a r e  o c c lu d e d ,  w h i le  o b s t r u c t i o n  o f  t h e  b r o n c h i o l e s  o c c u rs  i n  th e  
g u i n e a - p i g .  T hese  s p e c i e s - s p e c i f i c  r e s p o n s e s  a r e ,  i n  e v e ry  c a s e ,  
t h e  r e s u l t  o f  i n t e n s e  spasm  o f  t h e  sm ooth m u sc le s  i n  c e r t a i n  
o rg a n s  w hich  a r e ,  f o r  t h i s  r e a s o n ,  known a s  t h e  " s h o c k ” o rg an s  
o f  t h e  p a r t i c u l a r  s p e c i e s .
S in c e  i t  was o r i g i n a l l y  su p p o se d  t h a t  t h e  p r im a ry  
a n a p h y l a c t i c  r e a c t i o n  r e s p o n s i b l e  f o r  t h e  p r o d u c t io n  o f  h i s t a m in e  
o c c u r r e d  i n  t h e  b lo o d ,  i t  was t o  be  e x p e c te d  t h a t  t h e  e f f e c t s  o f  
an  i n t r a v e n o u s  i n j e c t i o n  o f  h i s t a m i n e  would c l o s e l y  re se m b le  
t h o s e  o f  sh o c k . As a l r e a d y  m e n tio n e d  hov/ever, so many 
d i f f e r e n c e s  w ere  e n c o u n te r e d  b e tw e e n  t h e s e  two c o n d i t i o n s  t h a t  
i t  seemed h i g h l y  u n l i k e l y  t h a t  h i s t a m i n e  was t h e  p r i n c i p a l  ag e n t 
r e s p o n s i b l e  f o r  t h e  a n a p h y l a c t i c  c o n d i t i o n .  T hese  d i s c r e p a n c i e s  
can  noY7 b e  a c c o u n te d  f o r  by t h e  f o l lo v / in g  f a c t s .  A f t e r  an 
i n j e c t i o n  o f  an  a n t i g e n  i n t o  a  s e n s i t i z e d  a n im a l ,  a  c o n s id e r a b le  
amount o f  h i s t a m i n e  s u d d e n ly  a p p e a r s  w i t h i n  t h e  shock  o rg an .
The sm ooth m u s c le s  i n  t h i s  t i s s u e  c o n s e q u e n t ly  d e v e lo p  v e ry  
i n t e n s e  and p ro lo n g e d  spasm  w hich  p r e c i p i t a t e s  t h e  a c u te  
symptoms t y p i c a l  o f  sh o ck  i n  t h e  p a r t i c u l a r  s p e c i e s  u s e d .  T h is  
v e ry  l o c a l i z e d  p o c k e t  o f  h i g h l y  c o n c e n t r a t e d  h i s t a m i n e  w i th in  th e  
sh o ck  o rg a n  now d i f f u s e s  i n t o  t h e  b lo o d  and so e x e r t s  i t s  
s e c o n d a ry  e f f e c t s  by  r e a c h in g  a l l  p a r t s  o f  t h e  body . T h is  i s  
t h e  p h a se  o f  t h e  r e a c t i o n  w hich  m ost c l o s e l y  r e s e m b le s  t h e
1 5 .
e f f e c t s  o f  an  i n t r a v e n o u s  i n j e c t i o n  o f  h i s t a m i n e .  The h i g h e s t  
l e v e l  w hich  t h i s  s u b s t a n c e  r e a c h e s  i n  t h e  b lo o d  w i l l  n o t ,  o f  
c o u r s e ,  be a  t r u e  m easu re  o f  i t s  o r i g i n a l  c o n c e n t r a t i o n  w i t h i n  
t h e  shock  o rg a n .  I t  i s  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  an  i n j e c t i o n  
o f  h i s t a m i n e  i s  u s u a l l y  u n a b le  t o  mimic a n a p h y la x i s ,  even when 
i t s  l e v e l  i n  t h e  b lo o d  i s  i d e n t i c a l  w i th  t h e  v a l u e s  e n c o u n te re d  
i n  sh o c k .
I n  t h e  r a b b i t , a n a p h y la x i s  c a u s e s  d i s t e n s i o n s  and f a i l u r e  
o f  t h e  r i g h t  s i d e  o f  t h e  h e a r t  and a  s u b s e q u e n t  s h a rp  f a l l  i n  
a r t e r i a l  b lo o d  p r e s s u r e .  I n t r a v e n o u s  h i s t a m i n e ,  on t h e  o th e r  
h an d , u s u a l l y  p ro d u c e s  h y p e r t e n s i o n  due t o  p e r i p h e r a l  v a s o ­
c o n s t r i c t i o n .  D u rin g  shock  how ever, p r e s s o r  e f f e c t s  a r e  l a r g e l y  
masked by  h e a r t  f a i l u r e ,  t h i s  c o n d i t i o n  b e in g  due t o  t h e  
deve lopm en t o f  i n t e n s e  spasm i n  t h e  pu lm onary  a r t e r y  and i t s  
b r a n c h e s  w h ich  fo rm , i n  f a c t ,  t h e  sh o ck  o rg a n s  o f t h i s  p a r t i c u l a r  
s p e c i e s .  I n  t h e  dog, t h e  c l o t t i n g  t im e  i s  i n c r e a s e d  d u r in g  
a n a p h y la x i s  w h e rea s  h i s t a m i n e  p o i s o n in g  l e a v e s  i t  u n a l t e r e d .
T h is  d i s c r e p a n c y  can  now be e x p la in e d  by t h e  c l o s e  a s s o c i a t i o n  
o f  h e p a r i n  w i th  h i s t a m i n e  i n  t h i s  s p e c i e s .  The i s o l a t e d  
s e n s i t i z e d  r a t ' s  u t e r u s  r e l a x e s  w i th  h i s t a m i n e ,  y e t  c o n t r a c t s  
i n  t h e  p r e s e n c e  o f  t h e  a n t i g e n .  T h is  d i f f e r e n c e  i n  r e s p o n s e  was 
th o u g h t  by  K e llaw a y  t o  d i s p r o v e  t h e  h i s t a m in e  t h e o r y  o f  
a n a p h y la x i s  i n  t h i s  a n im a l .  However, by r e c o r d i n g  u t e r i n e  
movements i n  s i t u .  Suden (1934) h a s  shown t h a t  i t  re sp o n d s  to  
b o th  s t i m u l i  w i th  an  i n c r e a s e  i n  t o n e .  A c o n s i d e r a b l e  amount of
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work h a s  now shown t h a t  t h e  symptoms due t o  in t r a v e n o u s  h i s t a m in e  
a r e  p r a c t i c a l l y  i d e n t i c a l  w i th  t h o s e  e n c o u n te re d  i n  t h e  l a t e r  
s t a g e s  o f  a  n o n - f a t a l  a n a p h y l a c t i c  sh o c k .  The symptoms w hich  
a p p e a r  i n  t h e  i n i t i a l  p h a s e s  o f  t h i s  c o n d i t i o n  a r i s e  from  th e  
i n t e n s e  spasm  o f  t h e  sm ooth  m u sc le s  w i t h i n  t h e  c h a r a c t e r i s t i c  
sh o ck  o rg a n  o f  ea ch  s p e c i e s .  T h is  p h ase  o f  t h e  r e a c t i o n  can  
o n ly  r a r e l y  he m im icked by  e x o g e n o u s ly  a d m in i s t e r e d  h i s t a m in e .
H is ta m in e  r e l e a s e  may o c c u r  q u i t e  a p a r t  from  an a n t i g e n -  
a n t ib o d y  r e a c t i o n  w i t h i n  a  s p e c i f i c  t i s s u e  o r  shock  o rg a n .  I t  
h a s  a l r e a d y  b ee n  m e n tio n e d  t h a t  t h e  i n j e c t i o n  o f  a  m ix tu re  o f  
p o l y p e p t id e s  w i l l  p r e c i p i t a t e  an  a n a p h y l a c t i c - l i k e  c o n d i t i o n  
knov/n a s  p e p to n e - s h o c k .  A v e r y  s i m i l a r  r e s p o n s e  f r e q u e n t l y  
a p p e a r s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  many d ru g s ,  e s p e c i a l l y  b a s i c  
ones su c h  a s  a l k a l o i d s  ( F e ld b e r g  and P a to n ,  1 9 5 1 ) .  T h is  
p a r t i c u l a r  r e a c t i o n  was a t  one t im e  e x t re m e ly  d i f f i c u l t  t o  e x p la in  
s i n c e  t h e  h y p e r s e n s i t i v i t y  a p p e a re d  im m e d ia te ly  a f t e r  t h e  f i r s t  
i n j e c t i o n  o f  t h e  d ru g .  I t  w as, o f  c o u r s e ,  w e l l  known t h a t  th e  
p ro lo n g e d  u s e  o f  some c h e m ic a ls ,  f o r  exam ple o r g a n ic  a r s e n i c a l s ,  
f r e q u e n t l y  p ro d u c e d  a  s t a t e  o f  " d r u g - a l l e r g y ” i n  man and a n im a ls ,  
L a n d s t e i n e r  showed t h a t  u n d e r  t h e s e  c i r c u m s ta n c e s ,  t h e  d rug  r e a c t s  
w i th  t h e  p l a s m a - p r o t e i n s  t o  fo rm  a  com plex w hich  b ah a v es  a s  an 
a n t i g e n .  The body t h e n  re s p o n d s  by  m aking a  s p e c i f i c  a n t ib o d y  
w hich  e v e n t u a l l y  r e a c t s  w i th  i t s  a n t i g e n  w i t h i n  t h e  t i s s u e s  and 
so  p r e c i p i t a t e s  a  s t a t e  o f  h y p e r s e n s i t i v i t y  ( L a n d s t e i n e r ,  1 9 4 5 ) .
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T h is  ty p e  o f  m echanism  i s ,  o f  c o u r s e ,  q u i t e  u n a b le  to  
a c c o u n t  f o r  t h e  im m ed ia te  r e s p o n s e  w hich  f o l lo w s  a  s i n g l e  dose 
o f  an  a l k a l o i d .  A new e x p l a n a t i o n  h a s  how ever r e c e n t l y  b een  
made by  M c In to sh  and P a to n  ( 1 9 4 9 ) ,  who fo u n d  t h a t  s e v e r a l  
o r g a n ic  b a s e s  p o s s e s s  p r o p e r t i e s  v e r y  s i m i l a r  t o  t h o s e  o f  t h e  
a l k a l o i d s  when t h e y  a r e  i n j e c t e d  i n t o  t h e  c i r c u l a t i o n  o f  t h e  
dog o r  c a t .  T hese  s u b s t a n c e s ,  now known a s  " h i s t a m in e -  
l i b e r a t o r s ” have  no a p p a r e n t  e f f e c t  f o r  tw e n ty  t o  t h i r t y  seconds  
a f t e r  a d m i n i s t r a t i o n ;  t h e n ,  q u i t e  s u d d e n ly ,  t h e  b lo o d  p r e s s u r e  
f a l l s  a b r u p t l y  i n  t h e  m anner c h a r a c t e r i s t i c  o f  an  in t r a v e n o u s  
i n j e c t i o n  o f  h i s t a m i n e .  T h is  ”d e l a y e d - d e p r e s s o r ” e f f e c t  i s  a  
t y p i c a l  f e a t u r e  o f  " h i s ta m in e  l i b e r a t o r s ” and i s  due t o  th e  
f a c t  t h a t  t h e y  m ust f i r s t  be c a r r i e d  i n  t h e  b lo o d  t o  a  s e n s i t i v e  
o rg a n  b e f o r e  t h e y  can  r e l e a s e  i t s  h i s t a m i n e  i n t o  t h e  c i r c u l a t i o n .  
T hese o rg a n s  i n c l u d e  t h e  s k i n  i n  c a t s ,  dogs , r a t s  and g u in e a -  
p i g s ,  t h e  l i v e r  i n  t h e  dog, t h e  b r o n c h i o l e s  i n  t h e  g u in e a - p ig  
and t h e  l e u c o c y t e s  o f  t h e  r a b b i t .
The r e l e a s e  o f  h i s t a m i n e  by  t h e s e  l i b e r a t o r s  fo l lo v /s  t h e  
same t im e  c o u r s e ^ i n  a n a p h y la x i s ;  an  e x p lo s iv e  r e l e a s e ,  which 
i s  f o l lo w e d  by  d i f f u s i o n  a t  an  e x p o n e n t i a l l y  d e c l i n i n g  r a t e  
( P e ld b e r g  and P a to n ,  1 9 5 1 ) .  F u r th e rm o re ,  a s  i n  a n a p h y la x i s ,  
o t h e r  b i o l o g i c a l l y  a c t i v e  s u b s t a n c e s  b e s id e s  h i s t a m i n e  a p p e a r  
i n  t h e  c i r c u l a t i o n ,  su ch  a s  h e p a r i n  and "slow  r e a c t i n g  s u b s t a n c e ” 
( P a to n ,  1 9 5 1 ) .  No b i o l o g i c a l  e v id e n c e  f o r  c e l l  damage i s  found 
and h e n c e  t h e  o v e r a l l  e f f e c t s  o f  t h e s e  l i b e r a t o r s  c l o s e l y
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r e s e m b le  t h o s e  o f  an  a n a p h y l a c t i c  sh o c k .  F o r  t h i s  r e a s o n  i t  
i s  q u i t e  p o s s i b l e  t h a t  i n  b o th  c a s e s  s i m i l a r  m echanism s a r e  
i n v o lv e d  i n  t h e  r e l e a s e  o f  h i s t a m i n e .  I n  t h e  c a s e  o f  t h e  
l i b e r a t o r s ,  t h e  s u g g e s t i o n  h a s  b ee n  made t h a t  b a s i c  compounds, 
s i m i l a r  t o  h i s t a m i n e ,  can  d i s p l a c e  t h e  l a t t e r  from  i t s  p o i n t s  
o f  a t ta c h m e n t  on p o l y p e p t i d e  c h a in s  (M cIn to sh  and B a to n , 1949)* 
O th e r  w o rk e r s ,  f o r  i n s t a n c e  U ngar ( 1 9 5 2 ) ,  have  p ro v id e d  
e v id e n c e  w h ich  s u g g e s t s  t h a t  p r o t e o l y t i c  enzymes, p a r t i c u l a r l y  
f i b r i n o l y s i n ,  a r e  a c t i v a t e d  by  t h e s e  l i b e r a t o r s .  One co u ld  
th e n  e x p l a i n  h i s t a m i n e  r e l e a s e  a s  b e in g  t h e  r e s u l t  o f  p r o t e i n  
h y d r o l y s i s  w i t h i n  s p e c i f i c  t i s s u e s .
The im p o r ta n c e  o f  p r o t e o l y t i c  enzymes i n  a n a p h y la x i s  h as  
a l s o  b ee n  em phasized  by Rocha swftd S i l v a  (1 9 4 0 ) ,  who showed t h a t  
c r y s t a l l i n e  t r y p s i n  i n  v e r y  h ig h  d i l u t i o n  (1  i n  3 0 ,0 0 0 ,0 0 0 )  
c a u se d  c o n t r a c t i o n  o f  sm ooth m u sc le  f i b r e s .  The s t r e n g t h  o f 
t h e  r e s p o n s e  v a r i e d  i n  m a g n itu d e  w i th  t h e  s p e c i e s  and t h e  
t i s s u e ,  and  d e c l i n e d  i n  t h e  f o l l o w in g  o r d e r :  g u in e a - p ig  u t e r u s ,
g u i n e a - p i g  i le u m  and t h e n  t h e  s m a l l  i n t e s t i n e s  o f  t h e  c a t ,  
r a b b i t  and r a t .  A s i m i l a r  s e q u e n c e  was fo u n d  i n  t h e i r  
s e n s i t i v i t y  to w a rd s  h i s t a m i n e  and h en c e  i t  was f e a s i b l e  to  
su p p o se  t h a t  t h e  t r y p s i n  was a c t i n g  by  t h e  r e l e a s e  o f  h i s ta m in e  
w i t h i n  t h e s e  o r g a n s .
S i l v a  h a s  a l s o  shown t h a t  h i s t a m i n e  r e l e a s e  u n d e r  c e r t a i n  
c o n d i t i o n s  depends  on t h e  d i s i n t e g r a t i o n  o f  " w h i t e ” m ic ro th ro m b i 
i n  t h e  b lo o d s t r e a m  (S i lv a ,  1 9 5 2 ) .  I n  b o th  t h e  a n a p h y la c t i c
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sh o c k  i n  t h e  dog and  t h e  Schw artzm ann phenomenon i n  t h e  r a b b i t ,  
enormous clum ps o f  w h i te  c e l l s  and p l a t e l e t s  a r e  fo rm ed . The 
a p p e a ra n c e  o f  h i s t a m i n e  u n d e r  t h e s e  c o n d i t i o n s  i s  a lw ays 
a s s o c i a t e d . w i t h  t h e  d i s i n t e g r a t i o n  o f  t h e s e  th ro m b i ,  a  r e a c t i o n  
w hich  S i l v a  s u g g e s t s  m ust be due t o  t h e  a c t i v a t i o n  o f  a
p r o t e o l y t i c  enzyme sy s te m  i n  t h e  p la sm a .
F o r  a  c o n s i d e r a b l e  t im e  t h e  o r i g i n  o f  t h e  h i s t a m in e  
a p p e a r in g  d u r in g  a n a p h y la x i s  rem a in ed  u n c e r t a i n .  The a p p e a ra n c e  
o f  t o x i c  symptoms im m e d ia te ly  a f t e r  t h e  i n j e c t i o n  o f  t h e  a n t ig e n  
r u l e d  o u t an  en z y m a tic  m echanism  f o r  i t s  f o r m a t io n .  I n  a d d i t i o n ,  
t h e  h i s t a m i n e  c o n t e n t  o f  many a n t i g e n s  was f a r  to o  low t o  be th e  
s o u rc e  o f  t h e  l a r g e  amount a p p e a r in g  i n  sh o ck . The p o s s i b i l i t y  
t h a t  h i s t a m i n e  was d e r iv e d  from  t h e  h i s t i d y l  r a d i c l e s  o f  t h e  
a n t i g e n  m o le c u le  was a l s o  shov/n t o  be m ost u n l i k e l y  ( S c h i l d ,  1936)
The work o f  B e s t  and  B a le  (B e s t  e t  a l ,  1927) d e f i n i t e l y  e s t a b - '
l i s h e d  t h e  f a c t  t h a t  h i s t a m i n e  i s  a  c o n s t i t u e n t  o f  a l l  mammalian 
t i s s u e s  and n o t  a  c o n ta m in e n t  due t o  b a c t e r i a l  a c t i o n .  Under 
n o rm a l c o n d i t i o n s  i t  i s  p h y s i o l o g i c a l l y  i n e r t ,  b u t  d u r in g  
a n a p h y la x i s  and p e p to n e  sh o ck , o r  a s  a  r e s u l t  o f  i n j u r y ,  i t  i s  
l i b e r a t e d  from  t h e  t i s s u e s  and t h e n  becomes b i o l o g i c a l l y  a c t i v e .  
The n a t u r e  o f  t h e  l i n k  be tw een  t i s s u e  p r o t e i n  and h i s t a m in e  i s  
unknown, b u t  i t  i s  p r o b a b le  t h a t  s e v e r a l  t y p e s  o f  ch e m ic a l  bond 
a r e  in v o lv e d .  T h is  i s  s u g g e s te d  by  t h e  f a c t  t h a t  t h e r e  i s  a  
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  e a s e  w i th  w hich  h i s t a m in e  i s  
l i b e r a t e d  from  any  p a r t i c u l a r  t i s s u e .  F o r  i n s t a n c e ,  q u i t e  a
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l a r g e  f r a c t i o n  p a s s e s  i n t o  s o l u t i o n  when t h e  c e l l s  a r e  g round  
up  w i th  sa n d  and w a te r .  S i m i l a r l y ,  d i g e s t i n g  them  w i th  t r y p s i n  
o r  d i s r u p t i n g  t h e i r  membranes w i th  l y s o l e c i t h i n  l i b e r a t e s  a  
c o n s i d e r a b l e  amount o f  h i s t a m i n e .  W ith  a l l  t h e s e  t e c h n iq u e s  
ho w ev er, i t  i s  f r e q u e n t l y  fo u n d  t h a t  m ic r o s c o p ic  p a r t i c l e s  o f  
p r o t e i n  s t i l l  p o s s e s s h i s t a m i n e ,  w h ich  may be l i b e r a t e d  i n t o  
s o l u t i o n  o n ly  a f t e r  t h e  p r o t e i n  i s  d e n a tu r e d  w i th  h e a t  o r  
h y d r o ly s e d  w i th  a  s t r o n g  m in e r a l  a c i d  ( F e ld b e r g ,  1 9 4 1 ) .
The d i s t r i b u t i o n  o f  h i s t a m i n e  i n s i d e  t h e  c e l l  i s  n o t  r e a l l y  
known. A c o n s i d e r a b l e  amount o f  i t  i s  r e l e a s e d  when t h e  t i s s u e  
i s  hom ogenized  and i t  i s  q u i t e  l i k e l y  t h a t  some o f  i t  i s  
s u b s e q u e n t l y  r e a b s o r b e d  i n t o  c e l l u l a r  e le m e n ts .  H ence, t h e  
e v e n t u a l  d i s t r i b u t i o n  o f  h i s t a m i n e  i n  an  hom ogenate may be 
c o m p le te ly  d i f f e r e n t  from  t h a t  i n  t h e  i n t a c t  c e l l .  Most 
e x p e r im e n ts  on i n t r a c e l l u l a r  l o c a l i z a t i o n  have  b ee n  p e rfo rm ed  
on t h e  t i s s u e s  o f  t h e  dog and i t  h a s  b ee n  fo u n d  t h a t  h i s t a m in e  
i s  h i g h l y  c o n c e n t r a t e d  i n  t h e  m i to c h o n d r ia  o f  t h e  l i v e r  c e l l s  
(G o p en h av e r ,  1953 ; H agen, 1 9 5 4 ) .  T h is  f r a c t i o n  o f  t h e  homo­
g e n a te  i s ,  h ow ever, a l s o  v e r y  h e a v i l y  c o n ta m in a te d  w i th  g r a n u le s  
from  m as t c e l l s  (M ota , 1954) w hich  a r e  known t o  c o n t a i n  an 
enormous amount o f  h i s t a m i n e  ( R i l e y  and W est, 1 9 5 3 ) .  The i n t r a ­
c e l l u l a r  d i s t r i b u t i o n  o f  t h i s  s u b s t a n c e  i s  s t i l l  t h e r e f o r e  
l a r g e l y  u n c e r t a i n ;  i t s  p o s s i b l e  a s s o c i a t i o n  w i th  m i to c h o n d r ia  
i s ,  h ow ever, p a r t i c u l a r l y  i n t e r e s t i n g ,  a s  t h e s e  s t r u c t u r e s  
c o n t a i n  many o f  t h e  enzymes in v o lv e d  i n  t h e  K rebs  c y c le
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(L e lm in g e r ,  1 9 5 1 ) .  T h is  p r o c e s s  i s  r e s p o n s i b l e  f o r  o v e r  80^ o f  
t h e  a e r o b i c  o x i d a t i o n  o f  t h e  c e l l s  o f  t h e  body and t h e  c l o s e l y  
a s s o c i a t e d  p r o c e s s  o f  h ig h  en e rg y  p h o s p h a te  bond f o r m a t io n .  
T hese  f a c t s  and  t h e i r  p o s s i b l e  i m p l i c a t i o n s  w i l l  be d i s c u s s e d  
l a t e r .
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2. HISTAMINASE AND HISTMINE LŒTAB0LIS1VL
Mammalian t i s s u e s  p o s s e s s  an  enzyme, h i s t a m i n a s e ,  w hich  
decom poses and d e t o x i c a t e s  h i s t a m i n e  ( B e s t ,  1 9 2 9 ) .  D u rin g  th e  
r e a c t i o n ,  ammonia and h y d ro g en  p e r o x id e  a r e  form ed  and oxygen 
i s  a b s o rb e d .  The m easurem ent o f  any  o f  t h e s e  f a c t o r s  p ro v id e s  
a  c h e m ic a l  d e t e r m i n a t i o n  o f  h i s t a m i n a s e  a c t i v i t y .  A l t e r n a t i v e l y ,  
ch an g es  i n  t h e  c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e  fo rm  t h e  b a s i s  o f  
t h e  b i o l o g i c a l  a s s a y  o f  enzym ic a c t i v i t y ,  w hich  i s  u s u a l l y  
e x p r e s s e d  i n  te rm s  o f  t h e  amount o f  h i s t a m i n e  decomposed i n  24 
h o u r s .  The r a t e  o f  t h i s  r e a c t i o n ,  o f  c o u r s e ,  depends on th e  
c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e  a s  i n d i c a t e d  by t h e  Men^en- 
M ic h a e l i s  e q u a t io n .  T h is  f a c t o r  a lo n e  i s  found  t o  v a r y  
c o n s i d e r a b l y  from  t h e  r e s u l t s  o f  one w o rk e r  t o  a n o t h e r .  F o r  
i n s t a n c e ,  i n  t h e  e x p e r im e n ts  o f  B e s t  and McHenry (1 9 3 0 ) ,  
c o n s i d e r a b l e  am ounts o f  h i s t a m i n e ,  up  t o  40 m g /m l . , were added 
a s  s u b s t r a t e  t o  make s u r e  t h a t  t h e  enzyme was a c t i n g  a s  i t s  
m axim al r a t e  d u r in g  m ost o f  t h e  12 h o u r  i n c u b a t i o n  p e r io d .
O th e r  w o rk e rs  hov/ever, g iv e  r e s u l t s  w hich  show t h a t  u n d e r  t h e i r  
c o n d i t i o n s  t h e  enzyme was a c t i n g  f a r  from  i t s  g r e a t e s t  v e l o c i t y  
( K a p e l l e r - A d l e r ,  1 9 5 1 ) .  T hus, t h e  c o n d i t i o n s  u n d e r  w hich  
a c t i v i t y  i s  m easu red  v a r y  so  much t h a t  i t  i s  v i r t u a l l y  im p o s s ib le  
t o  com pare t h e  r e s u l t s  o b ta in e d  by  d i f f e r e n t  t e c h n i q u e s .  F o r  
t h i s  r e a s o n ,  t h e  c o n c lu s io n s  o f  o n ly  a  few r e c e n t  p u b l i c a t i o n s  
w i l l  be  c o n s id e r e d .
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As h i s t a m i n e  i s  h i g h l y  a c t i v e  even i n  low c o n c e n t r a t i o n s ,  
h i s t a m i n a s e ,  i f  i t  i s  t o  be  o f  any  p r o t e c t i v e  v a l u e ,  ough t t o  
be  r e m a rk a b ly  e f f i c i e n t  i n  d e t o x i c a t i n g  d i l u t e  s o l u t i o n s  o f  i t s  
s u b s t r a t e .  I n  m ost t i s s u e s  how ever, h i s t a m i n a s e  a c t i v i t y  i s  so 
f e e b l e  t h a t  an  i n c u b a t i o n  p e r io d  o f  a b o u t  24 h o u rs  i s  r e q u i r e d  
t o  p ro d u c e  a  m e a s u ra b le  r e a c t i o n  ( C o tz i a s  and D a le ,  1952; 
K a p e l l e r - A d l e r ,  1 9 5 2 ) .  The a s s a y  i s  f u r t h e r  c o m p l ic a te d  by  a  
d e l a y  i n  t h e  o n s e t  o f  enzymic a c t i o n  when h i s t a m in e  i s  added to  
a  f r e s h  t i s s u e  hom ogenate  (B e s t  and McHenry, 1 9 3 0 ) .  T h is  l a t e n t  
p e r io d  may l a s t  f o r  a s  lo n g  a s  f i v e  h o u r s ,  b u t  i t  can  be c o n s id e r ­
a b l y  r e d u c e d ,  o r  c o m p le te ly  e l i m i n a t e d ,  by  d i a l y s i s  o f  th e  
enzyme ( C o t z i a s  and  D a le ,  1 9 5 0 ) .  The n a t u r e  o f  t h e  i n h i b i t o r  i s  
c o m p le te ly  unknown.
The low a c t i v i t y  o f  t h e  enzyme c o u ld ,  o f  c o u r s e ,  be  due to  
t h e  d e s t r u c t i o n  o f  i n t r a c e l l u l a r  o r g a n i z a t i o n  d u r in g  homo­
g e n i z a t i o n .  C o t z i a s  and D a le  (1 9 5 2 )  showed t h a t  i n  r a b b i t  l i v e r ,  
t h e  enzym ic a c t i v i t y  o f  t h e  m i to c h o n d r ia  i s  t h r e e  t im e s  t h a t  o f  
t h e  r e s t  o f  t h e  hom ogena te . The g e n e r a l l y  low a c t i v i t y  shown by 
m ost t i s s u e s  may, t h e r e f o r e ,  a r i s e  from  t h e  medium i n  w hich  
hom ogena tes  a r e  u s u a l l y  d i s p e r s e d .  D i l u t e  s a l i n e  s o l u t i o n s ,  o r  
even  d i s t i l l e d  w a te r ,  b o th  o f  w h ich  a r e  known t o  c a u se  osm otic  
d i s i n t e g r a t i o n  o f  m i to c h o n d r ia  a r e  f r e q u e n t l y  u s e d .  I s o s m o t ic  
s o l u t i o n s  o f  s u c r o s e  ( 0 .2 5  M) a r e  knovm to  p r e s e r v e  t h e  i n t r a ­
c e l l u l a r  e le m e n ts  and c o n s e q u e n t ly  h i s t a m i n a s e  a c t i v i t y  m igh t 
w e l l  be c o n s i d e r a b l y  en hanced .
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The lo n g  l a t e n c y  a l r e a d y  m e n tio n e d  i s  p ro b a b ly  n o t  due 
s o l e l y  t o  d e s t r u c t i o n  o f  m i to c h o n d r ia .  T h ere  i s  e v id e n c e  t h a t  
t h e  enzyme i s  a  f l a v o - p r o t e i n  ( Z e l l e r  e t  a l ,  1940; K a p e l l e r -  
A d le r ,  1 9 4 9 ) ,  and  t h a t  p y r i d o x a l - p h o s p h a t e  may p o s s i b l y  be a  
COenzyme f o r  i t  ( S i n c l a i r ,  1 9 5 2 ) .  The t e c h n iq u e s  u se d  i n  
p r e p a r i n g  t h e  enzyme e x t r a c t  may l e a d  t o  t h e  r u p t u r e  o f  a  
c h e m ic a l  bond b e tw e en  t h e  coenzyme and p r o s t h e t i c  g ro u p , and i t s  
r e s y n t h e s i s  would p r o b a b ly  n eed  a  c o n s i d e r a b l e  t im e  u n d e r  t h e  
c o n d i t i o n s  e x i s t i n g  i n  a  hom ogenate . A l t e r n a t i v e l y ,  t h e  
h y d r o l y t i c  a c t i o n  o f  p h o s p h a ta s e s  on p y r id o x a l - p h o s p h a te  and 
i t s  s u b s e q u e n t  g r a d u a l  r e s y n t h e s i s  by  a  c o u p le d  o x i d a t i o n -  
p h o s p h o r y la t io n  p r o c e s s  may w e l l  a c c o u n t  f o r  t h e  l a t e n t  p e r io d .
At t h e  p r e s e n t  t im e ,  i t  i s  v i r t u a l l y  im p o s s ib le  t o  d e c id e  
w h e th e r  o r  n o t  h i s t a m i n a s e  i s  an  im p o r ta n t  f a c t o r  i n  a n ta g o n iz in g  
t h e  e f f e c t s  o f  i t s  s u b s t r a t e  when t h i s  i s  r e l e a s e d  endogenously  
w i t h i n  t i s s u e  c e l l s .  I n  t h e  dog, t h e  enzyme i s  i n  h ig h e s t  
c o n c e n t r a t i o n  i n  t h e  i n t e s t i n e  and k id n e y s  (B e s t  and McHenry, 
1 9 3 0 ) .  T h is  s u g g e s t s  t h a t  i t s  p r i n c i p a l  f u n c t i o n ,  i n  t h i s  
s p e c i e s  a t  l e a s t ,  i s  t o  d e t o x i c a t e  t h e  l a r g e  am ounts o f  h i s ta m in e  
i n g e s t e d  i n  a  c a r n i v o r o u s  d i e t .  By co m p ar iso n , t h e  enzyme i s  
n o t i c e a b l y  low i n  t h e  c o r r e s p o n d in g  o rg a n s  o f  h e r b i v o r e s ,  t h e  
h i g h e s t  v a l u e s  i n  t h e  r a b b i t  b e in g  found  i n  t h e  lu n g s  ( C o tz ia s  
and D a le ,  1 9 5 2 ) .
2 5 .
F o r  two r e a s o n s  h i s t a m i n a s e  i s  p ro b a b ly  o f  o n ly  m in o r  
im p o r ta n c e  i n  a n t a g o n i z i n g  an  a n a p h y l a c t i c  sh o c k . F i r s t l y ,  i t  
i s  l a r g e l y  a b s e n t  f rom  t h e  sh o ck  o rg a n s  o f  c e r t a i n  a n im a ls ,  and 
s e c o n d ly ,  i t s  o v e r a l l  t i s s u e  c o n c e n t r a t i o n  b e a r s  no r e l a t i o n  to  
t h e  s u s c e p t i b i l i t y  o f  a  s p e c i e s  e i t h e r  t o  h i s t a m in e  p o is o n in g  
o r  t o  t h e  e a s e  w i th  w h ich  i t  d e v e lo p s  h y p e r s e n s i t i v i t y .  The 
c o n c e n t r a t i o n  o f  h i s t a m i n a s e  i n  a  sh o ck  o rg a n  i s  r a r e l y  h ig h .
The one e x c e p t io n  i s  t h e  r a b b i t  i n  w hich  t h e  lu n g  h a s  a s  much 
a s  21 u n i t s / g .  The g u i n e a - p i g ,  h a v in g  t h e  same shock  o rg an , 
p o s s e s s e s  an  a c t i v i t y  o f  o n ly  0 .6  u n i t s / g .  The l i v e r ,  t h e  shock 
o rg a n  o f  t h e  dog, i s  p r a c t i c a l l y  d e v o id  o f  h i s t a m i n a s e ,  w hereas 
o t h e r  s t r u c t u r e s  s u c h  a s  t h e  k id n e y  a r e  c o p io u s ly  s u p p l i e d  w i th  
t h e  enzyme ( C o t z i a s  and D a le ,  1 9 5 2 ) .
R a ts  and  m ice  can  t o l e r a t e  l a r g e  in t r a v e n o u s  i n j e c t i o n s  o f  
h i s t a m i n e  and a r e  a b l e  t o  und erg o  a n a p h y la x i s  w i th  t h e  d e v e lo p ­
ment o f  o n ly  v e r y  m i ld  symptoms o f  shock  ( F e ld b e r g ,  1 9 4 1 ) .  T h is  
can  h a r d l y  be due t o  t h e  l e v e l s  o f  h i s t a m i n a s e  i n  t h e i r  t i s s u e s ,  
f o r  t h e s e  happen  t o  be v e r y  s i m i l a r  t o  t h o s e  o f  t h e  g u in e a - p ig  
( C o t z i a s  and  D a le ,  1 9 5 2 ) ,  a  s p e c i e s  w hich  i s  e x t re m e ly  s e n s i t i v e  
t o  b o th  endogenous and  exogenous h i s t a m i n e .  C o n d i t io n s  w hich 
a r e  f a t a l  t o  t h e  g u i n e a - p i g  h a r d l y  a f f e c t  t h e  o t h e r  two s p e c ie s  
a t  a l l .  C om parison  o f  h i s t a m i n a s e  a c t i v i t y  t h e r e f o r e  i s  o f  
l i t t l e  v a l u e  i n  d e c id in g  t h e  r e l a t i v e  s u s c e p t i b i l i t y  o f  a n im a ls  
t o  h i s t a m i n e  p o i s o n i n g .  S i m i l a r l y ,  t h e  wide v a r i a t i o n s  i n  t h e  
s e v e r i t y  o f  a n a p h y la x i s  i n  d i f f e r e n t  an im a ls  a l s o  a p p e a r s  t o  be
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in d e p e n d e n t  o f  t h e  l e v e l  o f  t h i s  enzyme i n  t h e i r  t i s s u e s .  I t  
seems m ost l i k e l y  t h e r e f o r e  t h a t  h i s t a m i n a s e  i s  l a r g e l y  co n cern ed  
w i th  t h e  d e t o x i c a t i o n  o f  h i s t a m i n e  o r i g i n a t i n g  i n  t h e  fo o d ,  
r a t h e r  t h a n  w i th  t h e  c o n t r o l  o f  i t s  l e v e l  w i t h i n  t h e  c e l l s  o f  
t h e  a n im a l .
V ery l i t t l e  i s  Imown o f  t h e  m e ta b o l ism  o f  h i s t a m in e  w i th in  
t h e  t i s s u e s ,  b u t  e v e n t u a l l y  some o f  i t  i s  e x c r e te d  i n  t h e  u r i n e ,  
e i t h e r  a s  f r e e  h i s t a m i n e  o r  i n  a  c o n ju g a te d  form  a s  a c e t y l  
h i s t a m i n e .  A c c o rd in g  t o  Gaddum (1 9 5 1 )  t h e s e  two f r a c t i o n s  have 
d i f f e r e n t  o r i g i n s  s i n c e  t h e  c o n c e n t r a t i o n  o f  one may v a r y  
in d e p e n d e n t ly  o f  t h e  o t h e r .  F o r  i n s t a n c e ,  t h e  o r a l  a d m in is ­
t r a t i o n  o f  h i s t a m i n e  i n c r e a s e s  t h e  amount o f  t h e  c o n ju g a te d  
fo rm  i n  t h e  u r i n e ,  w h ereas  t h e  f r e e  h i s t a m in e  f r a c t i o n  i s  
changed  o n ly  by an  i n t r a v e n o u s  i n j e c t i o n  o f  t h e  b a s e .  I t  i s  
t h e r e f o r e  u n l i k e l y  t h a t  t h e  f r e e  fo rm  r e p r e s e n t s  h i s t a m in e  which 
h a s  s im p ly  e s c a p e d  a c é t y l a t i o n ;  i t  i s  f a r  more l i k e l y  t h a t  th e  
f r e e  b a s e  i n  t h e  b lo o d  i s  e x c r e t e d  u n a l t e r e d ,  w hereas  t h a t  i n  
t h e  i n t e s t i n e  i s  e i t h e r  a c e t y l a t e d  and th e n  e x c r e te d  o r  e l s e  
decomposed by h i s t a m i n a s e .
A lth o u g h  t h e  u r i n a r y  c o n c e n t r a t i o n  o f  a c e t y l  h i s t a m in e  
v a r i e s  c o n s i d e r a b l y  and depends on t h e  n a t u r e  o f  t h e  d i e t ,  t h e  
o t h e r  f r a c t i o n  re m a in s  r e m a rk a b ly  c o n s t a n t  a t  a b o u t  2 0 ^ g .  b ase  
p e r  24 h o u r s  (Gaddum, 1 9 5 1 ) .  T h is  i s  r e g a r d e d  a s  e v id e n c e  t h a t  
i t s  o r i g i n  i s  a s s o c i a t e d  w i th  a  v e r y  s t e a d y  p r o c e s s  w i t h i n  th e  
t i s s u e s ,  t h e  m ost l i k e l y  one b e in g  t h a t  o f  p r o t e i n  d e g r a d a t io n .
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So f a r ,  r e s u l t s  h av e  b e e n  c o n f in e d  t o  i n d i v i d u a l s  i n  a  good 
s t a t e  o f  n u t r i t i o n  and g e n e r a l  h e a l t h .  The e f f e c t  o f  g r o s s  
d i s t u r b a n c e s  i n  p r o t e i n  m e ta b o l is m , su c h  a s  o c c u r  i n  m a l n u t r i t i o n  
and  m u s c u la r  d y s t r o p h y ,  a r e  unknown, b u t  m ig h t p r o v id e  f u r t h e r  
e v id e n c e  f o r  a s s e s s i n g  t h e  c o r r e c t n e s s  o f  t h e  t h e o r y .
When h i s t a m i n e  i s  i n j e c t e d  i n t r a v e n o u s l y ,  o n ly  Vfo o f  t h e  
d o se  i s  r e c o v e r e d  i n  t h e  u r i n e  i n  t h e  f r e e  fo rm . Should  th e  
same p r o p o r t i o n a l l y  h o ld  f o r  h i s t a m i n e  r e l e a s e d  w i t h i n  t h e  
t i s s u e s ,  t h e n  t h e  d a i l y  l o s s  o f  20 j j g .  o f  t h e  f r e e  b a s e  im p l ie s  
t h e  r e l e a s e  o f  2 mg. o f  h i s t a m i n e  from  t h e  t i s s u e  p r o t e i n  e v e ry  
24 h o u r s ,  o f  w hich  99^  i s  d e t o x i c a t e d  p re su m a b ly  by  h i s t a m i n a s e .  
T h is  a rgum en t i m p l i e s  t h a t  i n j e c t e d  h i s t a m i n e  i s  exposed  to  th e  
same c o n d i t i o n s  o f  d e c o m p o s i t io n  a s  t h a t  r e l e a s e d  en d o g en o u sly , 
an  a s s u m p tio n  w h ich  i s  u n l i k e l y  f o r  two r e a s o n s .  F i r s t l y ,  
h i s t a m i n a s e  a c t i v i t y  v a r i e s  be tw een  d i f f e r e n t  t i s s u e s  and betw een 
t i s s u e s  i n  g e n e r a l  and t h e  b lo o d .  S e c o n d ly ,  m ost o f  t h e  i n j e c t e d  
h i s t a m i n e  w i l l  p ro m p t ly  p a s s  th r o u g h  t h e  k id n e y s ,  w h ich , i n  most 
s p e c i e s ,  a r e  e x c e p t i o n a l l y  r i c h  i n  h i s t a m i n a s e .  T here  i s  t h e  
added  c o m p l ic a t io n  t h a t  t h e  enzyme would show v e r y  l i t t l e  
a c t i v i t y  to w a rd s  i t s  s u b s t r a t e  i f  i t  a p p e a re d  a t  su c h  a  slow 
r a t e  a s  2 mg. p e r  24 h o u r s .  F o r  t h i s  r e a s o n ,  i t  i s  p o s s i b l e  
t h a t  t h e  d a i l y  l o s s  o f  i n t r a c e l l u l a r  h i s t a m in e  m ig h t be 
c o n s i d e r a b l y  g r e a t e r  t h a n  2 mg. and m igh t r e a c h  a  l e v e l  a t  which 
h i s t a m i n e  c o u ld  show a  h ig h  d e g re e  o f  a c t i v i t y .  On t h e  o th e r  
h a n d ,  su c h  a  c o n c e n t r a t i o n  o f  h i s t a m i n e  would i n e v i t a b l y  p roduce
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t o x i c  c o m p l i c a t io n s  su ch  a s  c o n t r a c t i o n  o f  sm ooth m u sc le ,  
i n c r e a s e d  g l a n d u l a r  s e c r e t i o n ,  h y p o te n s io n  and oedema. The 
l a c k  o f  t h e s e  t y p i c a l  symptoms im p l i e s  t h e r e f o r e  e i t h e r  t h a t  
h i s t a m i n a s e  i s  e x c e p t i o n a l l y  a c t i v e  w i t h i n  t h e  i n t a c t  t i s s u e s ,  
o r  t h a t  o t h e r  m echanism s a r e  in v o lv e d  i n  k e e p in g  h i s t a m in e  i n  
a  b i o l o g i c a l l y  i n e r t  fo rm . I n  t h e  f o l l o w in g  s e c t i o n  Gaddum*s 
t h e o r y  o f  t h e  o r i g i n  o f  f r e e  u r i n a r y  h i s t a m in e  w i l l  be examined 
i n  t h e  l i g h t  o f  r e c e n t  work on p r o t e i n  m e ta b o l ism  and an 
a l t e r n a t i v e  m echanism  o f  d e t o x i c a t i o n  s u g g e s te d .
29.
3 . PROTEIN IvîETABQLISM AND ITS RELATION TO THE PHYSIOLOGICAL 
ACTIVITY OF INTRACELLULAR HISTAICNE
I d e a s  on t h e  mechani$#% by w hich  p r o t e i n s  a r e  m e ta b o l iz e d  
h av e  changed  c o n s i d e r a b l y  o v e r  t h e  l a s t  tw e n ty  y e a r s .  The f i r s t  
c o m p re h en s iv e  t h e o r y  o f  t h i s  p r o c e s s  was d e v e lo p e d  by F o l i n  i n  
1 9 0 5 , who exam ined t h e  e f f e c t  o f  t h e  d i e t  on t h e  d i s t r i b u t i o n  o f  
n i t r o g e n  b e tw e en  t h e  v a r i o u s  c o n s t i t u e n t s  o f  t h e  u r i n e  ( F o l i n ,  
1 9 0 5 ) .  He fo u n d  t h a t  t h e  d a i l y  o u tp u t  o f  u r e a  depended  on th e  
amount o f  p r o t e i n  i n g e s t e d  by  a  s u b j e c t .  I n  c o n t r a s t  t o  t h i s ,  
changes  i n  t h e  d i e t  h a r d l y  a f f e c t e d  t h e  d a i l y  l o s s  o f  c r e a t i n i n e ,  
w hich  rem a in ed  r e m a rk a b ly  c o n s t a n t  o v e r  a  v e r y  w ide ra n g e  o f 
p r o t e i n  i n t a k e .  From t h e s e  r e s u l t s  F o l i n  co n c lu d e d  t h a t  p r o t e i n  
d e g r a d a t io n  o c c u r s  by  two in d e p e n d e n t  b u t  s im u l ta n e o u s  p r o c e s s e s ,  
t h e  p a r t i c u l a r  m echanism s employed on any s p e c i f i c  p r o t e i n  mole­
c u le  b e in g  d e te rm in e d  by  i t s  o r i g i n .
U rea  was r e g a r d e d  a s  t h e  end p ro d u c t  o f  d i e t a r y  (exogenous)  
p r o t e i n  m e ta b o l is m ,  w h i le  t h e  m e ta b o l is m  o f  t h e  t i s s u e  
(en d o g en o u s )  p r o t e i n s  gave r i s e  t o  u r i n a r y  c r e a t i n i n e  a s  i t s  
f i n a l  end p r o d u c t , T h is  m echanism  r e p r e s e n t e d  t h e  e f f e c t  of 
"w ear and t e a r "  on t h e  body p r o t e i n s ,  w h ich , once th e y  had  been 
fo rm ed , w ere  su p p o se d  t o  be i n e r t  m o le c u le s  a s  f a r  a s  t h e  
m e ta b o l is m  o f  t h e i r  c o n s t i t u e n t  amino a c i d s  w ere c o n c e rn e d .  As 
a  r e s u l t  o f  t h e i r  p a r t i c i p a t i o n  i n  m e ta b o l ic  a c t i v i t i e s  however, 
some t i s s u e - p r o t e i n  m o le c u le s  g r a d u a l l y  becam e"worn o u t " ,  and 
w ere  t h e n  c o m p le te ly  d e g ra d e d  by  t h e  m echanism  w hich  F o l i n  c a l l e d  
t h e  "endogenous"  a s p e c t  o f  p r o t e i n  m e ta b o l ism .
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F o lin *  8 c o n c e p t  t h a t  t i s s u e  p r o t e i n s  a r e  s t r u c t u r a l l y  
i n e r t  s u b s t a n c e s  h e l d  t h e  f i e l d  f o r  a  c o n s i d e r a b l e  t im e .  An 
a l t e r n a t i v e  t h e o r y  g r a d u a l l y  d ev e lo p e d  how ever, w hich  im p l ie d  
t h a t  t h e  a p p a r e n t l y  s t a b l e  t i s s u e s  and o rg a n s  o f  t h e  body w ere 
c o n s t a n t l y  b e in g  d e g ra d e d  and r e s y n t h e s i s e d  th r o u g h o u t  t h e  l i f e  
o f  t h e  o rg a n ism . T h is  i d e a  o f  a  " c o n t in u o u s  p r o t e i n  m e tab o lism "  
was f i r s t  s u g g e s te d  by  B orsook  and K e ig h le y  (1935) a s  a  r e s u l t  
o f  m e ta b o l ic  s t u d i e s  on human b e i n g s .
D i r e c t  and c o n v in c in g  e v id e n c e  i n  s u p p o r t  o f  t h i s  p ro c e s s  
was s u p p l i e d  by  S ch o en h e im er  and R i t t e n b e r g  (S ch o en h e im er ,  1 942 ) . 
I s o t o p i c a l l y  l a b e l l e d  amino a c i d s ,  v^hen i n j e c t e d  i n t o  t h e  c i r c u ­
l a t i o n  o f  a d u l t  a n im a ls  i n  a  s t a t e  o f  n i t r o g e n o u s  e q u i l ib r iu m ,  
a r e  v e r y  r a p i d l y  i n c o r p o r a t e d  i n t o  c e r t a i n  t i s s u e  p r o t e i n s .
A f t e r  o n ly  a  s h o r t  i n t e r v a l  o f  t im e  how ever, t h e y  a r e  t o  be
found  e i t h e r  i n  a  d i f f e r e n t  l o c a t i o n  o r  i n  t h e  g e n e r a l  m e ta b o l ic
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p o o l .  The u s e  o f  N amino a c i d s  h a s  shown f o r  i n s t a n c e  t h a t  th e
h a l f - l i f e  o f  r a t  l i v e r  p r o t e i n  i s  a b o u t  s e v e n  d a y s ,  and t h a t  i n
t h i s  s p e c i e s ,  l a b e l l e d  g l y c i n e  and o t h e r  amino a c i d s  a r e
i n c o r p o r a t e d  i n t o  t h e  t i s s u e s  and t h e n  l o s t  from  them  a t  a
r e m a rk a b ly  h ig h  r a t e  (Shem in and R i t t e n b e r g ,  1 9 4 4 ) .
T h is  com plex p r o c e s s  o f  c o - o r d i n a t e d  p r o t e i n  s y n t h e s i s  and
d e g r a d a t i o n  i s  p r o b a b ly  p e rfo rm e d  by  i n t r a c e l l u l a r  p r o t e a s e s ,
t h e  c a t h e p s i n s ,  A p e c u l i a r  f e a t u r e  o f  t h e s e  enzymes i s  t h e
m vitro,
u n p h y s i o l o g i c a l  pH a t  w hich  t h e i r  a c t i v i t y  i s  greatest% [ f o r  th e  
pH o p tim a  o f  m ost o f  them  l i e  b e tw een  t h e  v a lu e s  o f  3*5 and 4*5*
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At f i r s t  s i g h t  t h i s  p r e s e n t s  a  d i f f i c u l t y  s i n c e  i t  would mean 
t h a t  t h e s e  enzymes a r e  u n a b le  t o  f u n c t i o n  t o  any  g r e a t  e x t e n t  a t  
t h e  n o rm a l  i n t r a c e l l u l a r  pH o f  7 "4 .  However, s i n c e  i t  i s  
im p o s s ib l e  t o  p r o v id e  them  i n  v i t r o  w i th  t h e i r  n a t u r a l  s u b s t r a t e s ,  
t h e  low pH o p tim a  a r e  p r o b a b ly  an  i n d i c a t i o n  t h a t  h y d r o l y s i s  i s  
u n a b le  t o  o c c u r  u n t i l  t h e  a r t i f i c i a l  s u b s t r a t e  h a s  b een  d e n a tu r e d  
i n t o  a  s u i t a b l e  c o n f i g u r a t i o n  w hich  w i l l  e n a b le  i t  t o  combine 
w i th  t h e  enzyme.
P r e p a r a t i o n s  o f  t h e s e  i n t r a c e l l u l a r  enzymes a r e  a b l e  to  
s y n t h e s i z e  s im p le  p e p t i d e s  u n d e r  c e r t a i n  l i m i t e d  c o n d i t i o n s  i n  
v i t r o .  P a p a in ,  a  p l a n t  c a t h e p s i n ,  fo rm s h i p p u r y l a n i l i d e  when i t  
i s  in c u b a te d  w i th  h ip p u r la m id e  and a n i l i n e  (Bergmann, 1 9 3 7 ) ,  t h e  
m axim al y i e l d  b e in g  o b ta in e d  a t  pH 4*5 to  5*0
CO NH CHg CO liHg + ^  CO ITH CHg CO l î H ^  + NH^.
Two s p e c i a l  f e a t u r e s  o f  t h i s  r e a c t i o n  e x p l a in  t h e  e a se  w i th  which 
t h i s  p e p t i d e  i s  fo rm e d . F i r s t l y ,  t h e  s u b s t r a t e s  a r e  u n a b le  to  
fo rm  z w i t t e r i o n s .  T h is  i s  p a r t i c u l a r l y  im p o r ta n t  a s  t h e  
p r o d u c t i o n  o f  a  p e p t i d e  bond b e tw een  u n - io n iz e d  m o le c u le s  n eed s  
f a r  l e s s  e n e rg y  t h a n  t h a t  b e tw e en  s t r o n g l y  i o n i z e d  s t r u c t u r e s .  
S e c o n d ly ,  t h e  h i p p u r y l a n i l i d e  i s  i n s o l u b l e  i n  w a te r .  The 
e q u i l i b r i u m  o f  t h e  r e a c t i o n  i s  t h e r e f o r e  c o n t i n u a l l y  d i s p l a c e d  
t o  t h e  r i g h t , an d ,  a s  a  r e s u l t  o f  m ass a c t i o n ,  an  a p p r e c i a b l e  
y i e l d  i s  o b t a in e d .
The s y n t h e s i s  o f  p r o t e i n s  by  p r o t e a s e s  h a s  n o t  y e t  been  
a c h ie v e d  i n  v i t r o ,  l a r g e l y  b e c a u s e  t h i s  p r o c e s s  i s  n o t  s im p ly
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a  r e v e r s a l  o f  enz;yinatic h y d r o l y s i s .  The a b s e n c e  o f  s y n t h e s i s  
i s  an  i n d i c a t i o n  t h a t  t h e  amino a c i d s  p r e s e n t e d  t o  t h e  enzymes 
a r e  i n  an  u n s u i t a b l e  e n e rg y  s t a t e  f o r  t h e i r  i n c o r p o r a t i o n  i n t o  
a  p o l y p e p t i d e  com plex . The f o r m a t io n  o f  one gram e q u i v a l e n t  o f  
p e p t i d e  bond r e q u i r e s  a b o u t  3000 c a l o r i e s  ( l ip m a n n ,  1 9 4 9 ) ,  b u t  
b e f o r e  t h i s  can  o c c u r ,  a d d i t i o n a l  e n e rg y  i s  n eed ed  t o  c o n v e r t  
t h e  z w i t t e r i o n  o f  t h e  amino a c i d s  i n t o  t h e  n o n - io n iz e d  form  
(H a u ro w itz ,  1 9 5 0 ) .  The s y n t h e s i s  o f  p e p t i d e  bonds depends 
t h e r e f o r e  on a  r e a d i l y  a v a i l a b l e  s u p p ly  o f  e n e rg y ,  t h e  im p o r ta n c e  
o f  w h ich  h a s  b een  r e v e a l e d  i n  s t u d i e s  on t h e  b i o - s y n t h e s i s  o f  
v e r y  s im p le  p e p t i d e s .
The m echanism s w hich  have  b e e n  m ost f u l l y  exam ined a r e  
t h o s e  in v o lv e d  i n  t h e  s y n t h e s i s  o f  h i p p u r i c  a c id  (B orsook  and 
D u b n o f f , 1 9 4 7 ) ,  and  g l u t a t h i o n e  (B lo c k ,  1949, 1951) and th e  
a c é t y l a t i o n  o f  s u lp h o n i la m id e  (L ipm ann, 1 9 4 5 ) .  These p e p t id e s  
a r e  fo rm ed  u n d e r  a e r o b i c  c o n d i t i o n s  o n ly  when t h e  c e l l  e x t r a c t s  
a r e  a b l e  t o  e s t e r i f y  i n o r g a n i c  p h o sp h o ru s  so t h a t  ATvIP i s  
c o n v e r t e d  e i t h e r  i n t o  ALP o r  ATP. U nder a n a e r o b ic  c o n d i t i o n s ,  
t h e  v e l o c i t y  o f  t h e  r e a c t i o n  g r a d u a l l y  d im in is h e s  and e v e n tu a l ly  
s t o p s ,  b u t  i t  i s  resum ed  when ATP i s  added to  t h e  sy s tem .
A lth o u g h  t h e  enzymes r e s p o n s i b l e  f o r  t h e  f o rm a t io n  o f  t h e s e  
t h r e e  t y p e s  o f  p e p t i d e  bond have  n o t  y e t  b een  i s o l a t e d ,  th e  
i n t r a c e l l u l a r  c a t h e p s i n s  p r o v id e  t h e  o n ly  known m echanism  which 
c o u ld  be  r e s p o n s i b l e  f o r  t h e i r  f o r m a t io n .  M oreover, t h e  l a r g e  
amount o f  e n e rg y  n e e d ed  t o  fo rm  a  p e p t id e  bond s u g g e s t s  t h a t
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t h e s e  enzymes a r e  c o u p le d  t o  t h e  e n e rg y  y i e l d i n g  m echanism s 
a s s o c i a t e d  w i th  t h e  s y n t h e s i s  o f  ATP i n  t h e  t r i c a r b o x y l i c  a c id  
c y c l e .  T h is  would e x p l a in  t h e  h ig h  s y n t h e t i c  a c t i v i t y  o f  t h e  
c a t h e p s i n s  i n  m ed ia  whose pH v a l u e s  a r e  be tw een  7 and 8 .
Schoenheim er*  s work f i r m l y  e s t a b l i s h e d  t h e  dynamic s t a t e  
o f  t h e  t i s s u e  p r o t e i n s ,  i n  t h a t  one p r o t e i n  m o le c u le  e x i s t s  a s  
an  i n t a c t  e n t i t y  f o r  o n ly  a  v e r y  s h o r t  p e r io d  o f t im e .  W ith in  
a  d a y ,  some o f  i t s  component amino a c i d s  w i l l  have  been  r e p l a c e d  
by o t h e r  l i k e  m o le c u le s  from  t h e  m e ta b o l i c  p o o l ,  t h i s  p r o c e s s  o f  
amino a c i d  exchange a p p l i e s  a l s o  t o  s t r u c t u r a l  p r o t e i n s  a s  w e l l  
a s  t o  t h o s e  f u n c t i o n i n g  a s  enzymes and horm ones. The r e s u l t i n g  
s t a t e  o f  f l u x  o c c u rs  i n  v a r y in g  d e g r e e s  th ro u g h o u t  t h e  t i s s u e s  
and i s  so r a p i d  t h a t  t h e  a v e ra g e  h a l f - l i f e  o f  human p r o t e i n  i s  
o n ly  80  d a y s ,  t h e  h a l f - l i f e  o f  l i v e r  and serum  p r o t e i n s  i s
a p p r o x im a te ly  10  d a y s ,  w h i le  t h a t  o f  t h e  c a r c a s e  a s  a  whole i s
158 d ay s  ( s e e  L a n c e t ,  1 9 5 3 ) .
The f a c t  t h a t  h i s t a m i n e  i s  a  n o rm al c o n s t i t u e n t  o f  a l l
mammalian t i s s u e s  was e s t a b l i s h e d  a t  a  t im e  when F o l in * s  t h e o r y  
o f  p r o t e i n  m e ta b o l is m  was i n  vo g u e . On t h e  b a s i s  o f  t h i s  t h e o r y ,  
i t  seemed r e a s o n a b l e  t o  su p p o se  t h a t  t i s s u e  h i s t a m in e  was k e p t  
i n  a  p h y s i o l o g i c a l l y  i n a c t i v e  s t a t e  s im p ly  by  i t s  u n io n  w i th  t h e  
s t a b l e  s t r u c t u r a l  p r o t e i n s  o f  t h e  c e l l .  The developm ent o f  a  
new dynamic t h e o r y  o f  p r o t e i n  m e ta b o l ism  seems to  have  had no 
e f f e c t  on t h i s  c o n c e p t  o f  t h e  h i s t  a m in e - p r o t e in  com plex. As f a r  
a s  h i s t a m i n e  m e ta b o l is m  i s  c o n c e rn e d ,  c e l l  p r o t e i n s  a r e  s t i l l  
r e g a r d e d  i n  t h e  same way a s  F o l i n  p i c t u r e d  them . Gaddum* s
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e x p l a n a t i o n  o f  t h e  o r i g i n  o f  t h e  s t a b l e  f r a c t i o n  o f  u r i n a r y  |
!
h i s t a m i n e  i s  a p p a r e n t l y  d e r iv e d  from  F o l in * s  c o n c e p t  o f  I
endogenous p r o t e i n  c a ta b o l i s m .  I n  one c a s e  i t  i s  u se d  t o  e x p la in  |
t h e  e x c r e t i o n  o f  a  c o n s t a n t  amount o f  c r e a t i n i n e ;  i n  t h e  o t h e r ,
i t  i s  r e s p o n s i b l e  f o r  t h e  u n v a ry in g  q u o ta  o f  h i s t a m in e  l o s t  from  
t h e  body .
I f  S ch o en h e im er* s  t h e o r y  i s  c o r r e c t ,  p r o t e o l y s i s  must be a  
c o n t i n u o u s l y  o c c u r r i n g  r e a c t i o n  w i t h i n  t h e  t i s s u e  c e l l s .  The in  
v i t r o  h y d r o l y s i s  o f  p r o t e i n s  by  a c i d s  i s  f r e q u e n t l y  accom panied  
by h i s t a m i n e  r e l e a s e ,  i t  i s  how ever e x t re m e ly  u n l i k e l y  t h a t  th e  
i n t r a c e l l u l a r  d e g r a d a t i o n  o f  p r o t e i n  in v o lv e s  t h e  l i b e r a t i o n  of 
p h y s i o l o g i c a l l y  a c t i v e  h i s t a m i n e .  The body c o n ta in s  so much o f  
t h i s  s u b s t a n c e ,  and t h e  h a l f - l i f e  o f  many p r o t e i n s  i s  so 
r e l a t i v e l y  s h o r t , t h a t  t h e  amount o f  h i s t a m in e  l i b e r a t e d  would 
p r o b a b ly  b e  s u f f i c i e n t  t o  overwhelm  t h e  h i s t a m i n a s e  sy s tem . The 
r e s u l t  w ould be  an  a c c u m u la t io n  o f  h i s t a m i n e  i n  t h e  body f l u i d s ,  
w i th  a l l  i t s  a t t e n d a n t  d i s a s t r o u s  e f f e c t s .  The c o n c e n t r a t i o n ,  
and  so  p re su m a b ly  t h e  a c t i v i t y  o f  histam ioSB i s  how ever e x tre m e ly  
v a r i a b l e .  I n  some o rg a n s  i n  f a c t ,  i t  can  h a r d l y  be d e t e c t e d  a t  
a l l .  I t  i s  i n  t h e s e  p a r t i c u l a r  s t r u c t u r e s ,  a t  l e a s t ,  t h a t  some 
o t h e r  m echanism  m ust b e  p r e s e n t  f o r  i n a c t i v a t i n g  o r  m asking  
h i s t a m i n e  when i t  i s  l i b e r a t e d  d u r in g  t h e  n o rm al c o u r s e  o f  
p r o t e i n  m e ta b o l is m .
I t  seems h i g h l y  p r o b a b le  t h a t  d u r in g  p r o t e i n  h y d r o l y s i s  
h i s t a m i n e  i s  c h e m ic a l ly  masked and th e n  p ro m p tly  recom bined  w ith
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f r e s h  p o l y p e p t id e  c h a in s  vfhich a r e  ab o u t t o  be i n c o r p o r a t e d  i n to  
nev; p r o t e i n  m o le c u le s .  H is ta m in e  l o s e s  i t s  b i o l o g i c a l  a c t i v i t y  
when i t s  amino g ro u p  i s  co n d en sed  v /i th  t h e  t e r m i n a l  c a rb o x y l  
r a d i c l e  o f  a  s y n t h e t i c  p e p t i d e  c h a in  ( S i l v a ,  1 9 4 3 ) .  N e i t h e r  
t h e s e  a r t i f i c i a l  h i s t a m i n e - p e p t i d e s  n o r  n a t u r a l  p r o t e i n -  
h i s ta m in é  com plexes p o s s e s s  any  V a s o - d e p r e s s o r  a c t i v i t y  when 
i n j e c t e d  i n t r a v e n o u s l y  i n t o  a  c a t  ; a f t e r  a c id  h y d r o l y s i s  
h o w ev er, t h e  p r e s e n c e  o f  f r e e  h i s t a m i n e  i s  p ro m p tly  r e v e a le d  i n  
b o th  t y p e s  o f  m o le c u le .  S i l v a * s  work shows how r e a d i l y  h i s t a m in e  
may be m asked by  a  r e l a t i v e l y  s im p le  c h e m ic a l  p r o c e s s ,  i . e .  
p e p t i d e  bond f o r m a t io n .  T hese f a c t s  do n o t ,  o f  c o u r s e ,  p ro v id e  
any  e v id e n c e  f o r  t h e  n a t u r e  o f  t h e  l i n k  betv/een n a t u r a l  p r o t e i n s  
and  h i s t a m i n e .  The p e p t i d e  bond may be o n ly  one mode o f  
c o m b in a t io n ,  f o r  t h e  f a c t  t h a t  h i s t a m i n e  can  be e x p l o s iv e l y  
l i b e r a t e d  i n  a  t i s s u e  w i th o u t  t h e  a p p e a ra n c e  o f  h i s t o l o g i c a l  
c h a n g es  s u g g e s t s  t h a t  i t s  u n io n  ca n ,  i n  some c a s e s ,  in v o lv e  a  
l i n k  w h ich  i s  f a r  w eaker  t h a n  t h e  r e l a t i v e l y  s t r o n g  and s t a b l e  
p e p t i d e  bond .
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4. EXERGONIC REACTIONS AND THE INTRACELLULAR STABILIZATION
OF HISTAMINE
A l l  t h e s e  a s p e c t s  o f  h i s t a m i n e  m e ta b o l ism  w hich  have  been  
d i s c u s s e d  t e n d  to  s u g g e s t  t h e r e f o r e  t h a t  n o rm al c e l l s  p o s s e s s  
an  e x t r e m e ly  a c t i v e  m echanism  w hich  k ee p s  t h e  p o t e n t i a l l y  l a b i l e  
h i s t a m i n e  i n  a  p h y s i o l o g i c a l l y  i n e r t  s t a t e .
The d i s t r i b u t i o n  o f  h i s t a m i n e  w i t h i n  a  c e l l  i s  su ch  t h a t  
a  s t e e p  c o n c e n t r a t i o n  g r a d i e n t  e x i s t s  be tw een  d i f f e r e n t  i n t r a ­
c e l l u l a r  com partm en ts  su ch  a s  t h e  m i to c h o n d r ia  and th e  i n t r a ­
c e l l u l a r  f l u i d .  The p ro b lem  now a r i s e s  a s  t o  how t h i s  d i f f e r e n c e  
i s  m a in ta in e d ,  e s p e c i a l l y  a s  t h e  h i s t a m i n e  p r o t e i n  l i n k  i s  
h i g h l y  l a b i l e .  By co m p ar iso n  w i th  o t h e r  p r o c e s s e s  w hich  in v o lv e  
t h e  d eve lopm en t o f  c o n c e n t r a t i o n  g r a d i e n t s ,  i t  seems v e ry  l i k e l y  
t h a t  an  a c t i v e  t r a n s f e r  m echanism  i s  in v o lv e d ,  a n a lo g o u s  w i th  
t h e  m echanism  f o r  g lu c o s e  a b s o r p t i o n .  We know t h a t  no m a t t e r  
how low  t h e  c o n c e n t r a t i o n  o f g lu c o s e  may be i n  t h e  g u t ,  i t  i s  
a lw a y s  c o m p le te ly  a b s o rb e d  a g a i n s t  t h e  r e l a t i v e l y  h ig h  g lu c o s e  
c o n t e n t  o f  t h e  b lo o d  ( V e rz a r  and M cD ougall, 1 9 3 6 ) .  Energy  f o r  
t h i s  " a c t i v e "  p r o c e s s  i s  p ro v id e d  by  ATP. S i m i l a r l y ,  t h e  i o n i c  
g r a d i e n t s  d e v e lo p e d  a c r o s s  m i t o c h o n d r i a l  membranes p e r s i s t  o n ly  
a s  lo n g  a s  ATP i s  made a v a i l a b l e  by t h e  K rebs c y c le  ( B a r t l e y  and 
D a v ie s ,  1 9 5 4 ) .  Hence i t  i s  p o s s i b l e  t h a t  t h e  i n t r a c e l l u l a r  
h i s t a m i n e  g r a d i e n t  i s  m a in ta in e d  by a  s i m i l a r  " a c t i v e "  p ro c e s s  
w hich  depends on t h e  u t i l i z a t i o n  o f  t h e  h ig h  e n e rg y  p h o sp h a te  
bonds  p ro v id e d  by ATP.
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I t  h a s  p r e v i o u s l y  b e e n  m e n tio n e d  t h a t  t h e  g r a n u l e s  o f  m ast
c e l l s  and t h e  m i to c h o n d r ia  o f  many t i s s u e  c e l l s  a p p a r e n t l y
c o n t a i n  a  c o n s i d e r a b l e  amount o f  h i s t a m i n e .  F u r th e rm o re ,
m i t o c h o n d r i a  a r e  known t o  p o s s e s s  a  d i s t i n c t  o u t e r  membrane
( G l im s te d t  e t  a l ,  1 9 5 4 ) ,  a c r o s s  w hich  th e y  a r e  a b l e  t o  m a in ta in
an  i o n i c  g r a d i e n t  ( B a r t l e y ,  D av ie s  and K re b s ,  1 9 5 4 ) .  A s i m i l a r
s e t  o f  c o n d i t i o n s  p r o b a b ly  e x i s t  f o r  m i t o c h o n d r i a l  h i s t a m in e
1
w i th  r e s p e c t  t o  i t s  c o n c e n t r a t i o n  i n  t h e  i n t r a c e l l u l a r  f l u i d .
T h is  i s  a l l  t h e  more l i k e l y  when i t  i s  remembered t h a t  t h e s e  
p a r t i c l e s  c o n t a i n  enzym ic m echanism s r e s p o n s i b l e  f o r  a t  l e a s t  
80^ o f  t h e  h ig h  e n e rg y  p h o s p h a te  p r o d u c t io n  o f  t h e  c e l l s .  The 
f a c t  t h a t  t h i s  e n e rg y  exchange p r o c e s s  i s  so c l o s e l y  c o n n e c te d  
w i th  t h e  m i t o c h o n d r ia  would e x p l a i n  t h e  a b i l i t y  o f  t h e s e  
s t r u c t u r e s  t o  m a i n t a i n  c o n c e n t r a t i o n  g r a d i e n t s  w i th  r e s p e c t  t o  
t h e  i n t r a c e l l u l a r  f l u i d .
T i s s u e  h i s t a m i n e  hov/ever, i s  a l s o  p r e s e n t  i n  t h e  non­
p a r t i c u l a t e ,  p r o t e i n  f r a c t i o n  o f  t h e  c e l l ,  f o r  example t h e  c e l l  
membrane ( F e ld b e r g ,  1 9 4 1 ) .  S e n s i t i z e d  t i s s u e s ,  su ch  a s  smooth 
m u s c le s ,  im m e d ia te ly  r e s p o n d  when t h e y  a r e  b ro u g h t  i n  c o n ta c t  
w i th  t h e i r  s p e c i f i c  a n t i g e n .  The p ro m p tn ess  o f t h e  re s p o n s e  
and t h e  s i z e  o f  m ost a n t i g e n  m o le c u le s  make i t  f a i r l y  c e r t a i n  
t h a t ,  u n d e r  t h e s e  p a r t i c u l a r  c o n d i t i o n s ,  t h e  l i b e r a t i n g  r e a c t i o n  
o c c u r s  on t h e  c e l l  s u r f a c e ,  w hich  i s  p resu m ab ly  a l s o  t h e  so u rc e  
o f  t h e  h i s t a m i n e  r e s p o n s i b l e  f o r  t h e  m u s c u la r  c o n t r a c t i o n .  
A lth o u g h  t h e  c e l l  membrane i s  n o t  s e p a r a t e d  from  t h e  i n t r a c e l l u l a r
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f l u i d  by a  d i s t i n c t  b a r r i e r ,  i t  would s t i l l  be  p o s s i b l e  f o r  a  
h i s t a m i n e  g r a d i e n t  t o  be d e v e lo p e d  b e tw een  t h e s e  two c e l l u l a r  
co m p o n en ts . I n  t h i s  c a s e ,  a  d e l i c a t e  e n e r g y - y i e l d i n g  mechanism 
w ould a g a in  be  in v o lv e d ,  b u t  t h i s  t im e ,  i n s t e a d  o f  a c t i n g  a s  a  
"pum p", i t  would c h e m ic a l ly  a c t i v a t e  h i s t a m i n e  m o le c u le s  and 
b r i n g  them  i n t o  a  s u i t a b l e  e n e rg y  s t a t e  f o r  t h e i r  c o m b in a t io n  
w i t h  t h e  p o l y p e p t i d e s  o f  t h e  c e l l u l a r  membrane. The e a se  w i th  
w h ich  h i s t a m i n e  i s  l i b e r a t e d  m ig h t t h e n  be an i n d i c a t i o n  e i t h e r  
o f  t h e  w eakness  o f  t h e  h i s t a m i n e - p r o t e i n  l i n k  i n  t h i s  p a r t i c u l a r  
p r o t e i n  com plex , o r  o f  t h e  s e n s i t i v i t y  o f  t h e  e x e rg o n ic  r e a c t i o n  
w h ich  e n a b le s  h i s t a m i n e  t o  be com bined w i th  t h e  com ponents o f  
t h e  c e l l  w s jü . I n  t h i s  way an  e n e r g y - y i e l d i n g  p r o c e s s  co u ld  
p r o v id e  a t  l e a s t  two m echanism s f o r  p r e s e r v i n g  h i s t a m in e  i n  a 
n o n - t o x i c  s t a t e ,  w h e th e r  i t  i s  com bined w i th  t h e  p r o t e i n s  o f t h e  
c e l l  membrane o r  c o n c e n t r a t e d  w i t h i n  t h e  m i to c h o n d r ia  i n  - t h e
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H is ta m in e  r e l e a s e  i n  an  a n a p h y l a c t i c  r e a c t i o n  o c c u rs  
e x p l o s i v e l y  ( S c h i l d ,  1 9 3 9 ) ;  a  l a r g e  amount o f  h i s t a m in e  i s  
l i b e r a t e d  i n  an  e x t r e m e ly  s h o r t  t im e .  When s m a l l  p i e c e s  o f  
s e n s i t i z e d  g u i n e a - p i g  lu n g  a r e  su sp e n d ed  i n  s a l i n e  a t  3 7 ^C, t h e r e  
i s  p r a c t i c a l l y  no r e l e a s e  o f  h i s t a m i n e  o v e r  a  p ro lo n g e d  p e r io d .  
The a d d i t i o n  o f  t h e  s p e c i f i c  a n t i g e n  t o  t h e  s a l i n e  c a u s e s  an 
im m ed ia te  l i b e r a t i o n  o f  h i s t a m i n e ,  whose r a t e  o f  d i f f u s i o n  from 
t h e  t i s s u e  d e c r e a s e s  e x p o n e n t i a l l y .  These r e s u l t s  i n d i c a t e  t h a t  
( i )  w i t h i n  t h e  t i s s u e s  an  i n i t i a l l y  h ig h  c o n c e n t r a t i o n  o f  f r e e
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h i s t a m i n e  s u d d e n ly  a p p e a r s  w hich  p ro m p tly  d i f f u s e s  i n t o  t h e  
a d j a c e n t  t i s s u e s ,  and  ( i i )  a f t e r  t h i s  i n i t i a l  p h a se  o f  r e l e a s e  
v e r y  l i t t l e ,  i f  any  f u r t h e r  h i s t a m in e  i s  l i b e r a t e d  even a t  a  
s lo w  r a t e . /
I f  t h e  m echanism  o f  r e l e a s e  i s  d ep e n d en t on p r o t e o l y s i s ,  
i t  i s  d i f f i c u l t  t o  e x p l a in  ( i )  how t h e  e x p lo s iv e  r e l e a s e  can  
p o s s i b l y  o c c u r  w i th o u t  an  u n p re c e d e n te d  i n c r e a s e  i n  p r o t e o l y t i c  
a c t i v i t y ,  ( i i )  what f a c t o r  c o u ld  be  r e s p o n s i b l e  f o r  t h e  e q u a l ly  
prom pt a r r e s t  o f  t h i s  a c t i v a t i o n  so t h a t  a  s low  and p ro lo n g e d  
p h a s e  o f  h i s t a m i n e  l i b e r a t i o n  does n o t  o c c u r ,  and ( i i i )  how such  
a  p r o c e s s  c o u ld  t a k e  p l a c e  w i th o u t  t h e  s l i g h t e s t  s i g n  o f  t i s s u e  
dam age, w hich  would be bound t o  a p p e a r  w i th  e x t e n s iv e  p r o t e o l y s i s .
T hese  c o m p l ic a t io n s  a r e  overcom e i f  one assum es t h a t  t h e
a n t i g e n - a n t i b o d y  r e a c t i o n  i n h i b i t s  an  e n e r g y - t r a n s f e r r i n g  sys tem .
I n t e r f e r e n c e  w i th  ATP s y n t h e s i s  i n  t h e  w a l l  o f  t h e  g u t (V e rz a r
and M cD ougall, 1 9 3 6 ) ,  i n  i s o l a t e d  m i to c h o n d r ia  ( B a r t l e y  and
Cress, férshc <*■ Mu(^  ^C,
D a v ie s ,  1 9 5 4 ) ,  o r  i n  t h e  r e n a l  t u b u l e s  ( T a g g a r t / e t  a l ,  1950) 
p ro m p tly  a b o l i s h e s  t h e  a b i l i t y  o f  t h e s e  t i s s u e s  t o  p e r fo rm  
" a c t i v e "  p r o c e s s e s  su c h  a s  a b s o r p t i o n  a g a i n s t  a  g r a d i e n t ,  t h e  
m a in te n a n c e  o f  i o n i c  c o n c e n t r a t i o n  d i f f e r e n c e s  a c r o s s  a  membrane, 
o r  o f  r e n a l  t r a n s p o r t .  The e v e n tu a l  e x h a u s t io n  o f  h ig h  en e rgy  
p h o s p h a te  bonds f i n a l l y  a l lo w s  d i f f u s i o n  p r o c e s s e s  t o  a b o l i s h  th e  
c o n c e n t r a t i o n  g r a d i e n t s  i n  a  r e l a t i v e l y  s h o r t  t im e .  S i m i l a r l y ,  
i f " a n  e n e r g y - t r a n s f  e r r i n g  sy s tem  i s  in v o lv e d  i n  t h e  s t a b i l i z a t i o n  
o f  h i s t a m i n e ,  i t s  d i s r u p t i o n  would im m e d ia te ly  l e a d  t o  a
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c o n s i d e r a b l e  q u a n t i t y  o f  t h i s  s u b s ta n c e  s u d d e n ly  s p i l l i n g  o v e r
from  i t s  r e g i o n  o f  h ig h  c o n c e n t r a t i o n ,  i n  t h e  m i to c h o n d r ia ,  i n t o
t h e  i n t r a c e l l u l a r  f l u i d .  S im u l t a n e o u s ly ,  h i s t a m i n e - p r o t e i n
co m p lex e s ,  whose f o r m a t io n  depends  on a  r e a d y  s u p p ly  o f  e n e rg y ,
w ould  a l s o  b r e a k  down and  h i s t a m i n e  would p ro m p tly  be l i b e r a t e d  
_ , .  mtmbrar?e
f ro m  t h e  c e l l  wa3r L. S hould  t h e  m echanism  o f  a n a p h y la x i s  in v o lv e  
a  c o n s i d e r a b l e  d i s o r g a n i z a t i o n  o f  t h e  c o u p l in g  o f  ATP u t i l i z a t i o n  
w i th  p e p t i d e  m e ta b o l is m ,  t h e n  p r o t e i n  s y n t h e s i s  would a l s o  be 
d i s t u r b e d .  Many i n t e r m e d i a t e s  in v o lv e d  i n  t h i s  p r o c e s s ,  such  a s  
p e p to n e s  and p o ly p e p t i d e s  o f  v a r i o u s  m o le c u la r  w e ig h t s ,  would 
a c c u m u la te  w i t h i n  t h e  c e l l .  T h e i r  p r e s e n c e ,  t o g e t h e r  w i th  t h a t  
o f  h i s t a m i n e ,  would t h e n  a c c o u n t  f o r  t h e  c l o s e r  re se m b la n c e  o f  
a n a p h y la x i s  t o  p e p to n e  shock  t h a n  t o  p u re  h i s t a m in e  p o is o n in g .  
F u r th e r m o r e ,  t h e  i n t r a c e l l u l a r  a c c u m u la t io n  o f  p e p t id e s  d u r in g  
a n a p h y la x i s  c o u ld  a l s o  e x p l a i n  t h e  a p p e a ra n c e  d u r in g  t h i s  
c o n d i t i o n  o f  l a r g e  b i o l o g i c a l l y  a c t i v e  m o le c u le s ,  such  as  t h e  
" s l o w - r e a c t i n g  s u b s t a n c e "  o f  K e llaw ay  and T re th e w ie  (1 9 4 0 ) .
I t  i s  f r e q u e n t l y  fo u n d  t h a t  a  p h y s i o l o g i c a l  p r o c e s s  o p e r a te s  
f a r  more e f f i c i e n t l y  i n  a  s t r u c t u r a l l y  o rg a n iz e d  sy s tem  th a n  i n  
a  p r e p a r a t i o n  i n  w h ich  t h i s  h a s  b e e n  d e s t r o y e d .  F o r  exam ple, i t  
i s  known t h a t  t h e  r e s p i r a t o r y  r a t e  o f  t h e  c y c lo p h o ra s e  sy s tem  i s  
f a r  h i g h e r  v/hen t h e  m i to c h o n d r ia  a r e  i n t a c t  t h a n  when t h e y  a r e  
d i s r u p t e d  by  a  h ig h - s p e e d  b l e n d e r  (G re e n ,  1 9 5 1 ) .  T h is  d i f f e r e n c e  
c o u ld ,  o f  c o u r s e ,  be due s o l e l y  t o  t h e  d i l u t i o n  o r  d e s t r u c t i o n  
o f  e s s e n t i a l  coenzymes d u r in g  h o m o g e n iz a t io n  o r  t h e  su b se q u e n t
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i n c u b a t i o n  o f  t h e  t i s s u e s .  However, i t  p e r s i s t s  even a f t e r  th e  
n o n - p r o t e i n  com ponents o f  t h e  m echanism  have b een  r e i n f o r c e d  to  
su c h  an  e x t e n t  t h a t  t h e i r  f i n a l  c o n c e n t r a t i o n  i n  t h e  hom ogenate 
i s  i d e n t i c a l  w i th  o r  ex c e e d s  t h a t  i n  t h e  i n t a c t  c e l l .  The f a c t  
t h a t  t h i s  d i f f e r e n c e  i n  r e s p i r a t o r y  r a t e  s t i l l  p e r s i s t s  u n d e r  
t h e s e  c o n d i t i o n s  m ig h t ,  o f  c o u r s e ,  be  due t o  t h e  l a c k  o f  an 
u n i d e n t i f i e d  m e ta b o l i c  f a c t o r .  The p o s s i b i l i t y  o f  t h i s  b e in g  
t r u e  i s  e x t r e m e ly  d o u b t f u l  how ever, a s  b o th  p r e p a r a t i o n s  a r e  
a b l e  t o  m e ta b o l i z e  t h e  s u b s t r a t e s  o f  t h e  K rebs c y c le  t o  COg and 
HgO w i th o u t  t h e  a c c u m u la t io n  o f  any  i n t e r m e d i a t e s .  The d i f f e r e n c e  
b e tw e e n  t h e  two r e s p i r a t o r y  r a t e s  i s  i n  a l l  p r o b a b i l i t y  an 
i n d i c a t i o n  t h a t  t h e  h ig h  a c t i v i t y  o f  t h e  o rg a n iz e d  sy s tem  depends 
on t h e  s p a t i a l  a r ra n g e m e n t  o f  i t s  com ponents w i th  r e s p e c t  t o  each  
o t h e r .  T h is  i n t r a c e l l u l a r  o r i e n t a t i o n  o f  f u n c t i o n a l l y  r e l a t e d  
enzymes w ould hav e  two im p o r ta n t  e f f e c t s  on t h e  r a t e  o f  m etabolism , 
F i r s t l y ,  t h e  l i k e l i h o o d  o f  a  f r u i t f u l  c o l l i s i o n  t a k i n g  p la c e  
be tv /een  an  enzyme-coenzyme com plex and i t s  s u b s t r a t e  i s  f a r  
g r e a t e r  t h a n  t h e  ch an ce  m e e t in g  o f  t h e s e  t h r e e  i n d i v i d u a l  
com ponents  i n  a  random  m ix t u r e .  S e c o n d ly ,  t h e  o r i e n t a t i o n  o f 
f u n c t i o n a l l y  a l l i e d  enzymes on a  m ito c h o n d r io n  e n a b le s  t h e i r  
s u b s t r a t e s  t o  be p a s s e d  a lo n g  t h e  m e ta b o l i c  c h a in  w i th  a  minimum 
o f  d e l a y .
S t r u c t u r a l  o r i e n t a t i o n  w i t h i n  t h e  c e l l  i s  o f  c o n s id e r a b le  
im p o r ta n c e  i n  o t h e r  m e ta b o l ic  p r o c e s s e s  su ch  a s  t h e  c o u p l in g  o f 
o x i d a t i o n  w i th  p h o s p h o r y l a t i o n ,  t h e  s y n t h e s i s  o f  h ig h  en e rg y
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p h o s p h a te  bonds and t h e  f o r m a t io n  o f  u r e a .  A e ro b ic  o x i d a t i o n
i n v o l v e s  a t  l e a s t  t e n  enzyme s y s te m s ,  a l l  o f  v/hich a r e
c o n c e n t r a t e d  i n  t h e  m i to c h o n d r ia  ( L e h n in g e r ,  1 9 5 1 ) .  D i s r u p t io n
o f  t h e s e  p a r t i c l e s  by  o sm o tic  e f f e c t s  p ro m p tly  r e s u l t s  i n  a  d rop
i n  r e s p i r a t i o n  and  t h e  c o m p le te  a r r e s t  o f  p h o sp h a te  e s t é r i f i c a t i o n .
T hus, any  t r e a t m e n t  w h ich  d e s t r o y s  c e l l u l a r  o r g a n i z a t i o n  l e a d s  t o
t h e  random  p o s i t i o n i n g  o f  f u n c t i o n a l l y  r e l a t e d  enzymes. The
r e s u l t i n g  d e l a y  i n  t h e  r a t e  o f  enzyme c a t a l y s e d  r e a c t i o n s  may 
such
t h e n  h a v e ^ p ro fo u n d  e f f e c t s  on t h e  s u p p ly  o f  en e rg y  t h a t  b o th  
t h e  f o r m a t io n  o f  m e ta b o l i c  i n t e r m e d i a t e s  and th e  c o - o r d in a t e d  
a c t i v i t y  o f  i n t e r - r e l a t e d  p r o c e s s e s  a r e  c o m p le te ly  a r r e s t e d .
S i m i l a r l y ,  i n  t h e  h y p o th e s i s  p u t  f o rw a rd ,  t h e  p ro c e s s  which 
may k eep  h i s t a m i n e  s t a b i l i z e d  on t i s s u e  p r o t e i n ,  o r  c o n c e n t r a t e d  
w i t h i n  t h e  m i to c h o n d r ia ,  p r o b a b ly  depends  on t h e  i n t e g r i t y  o f  
i n t r a c e l l u l a r  o r g a n i z a t i o n  f o r  i t s  g r e a t e s t  e f f i c i e n c y .  T h is  
p r o c e s s ,  l i k e  many o t h e r s ,  would t h e r e f o r e  be  e x t re m e ly  s e n s i t i v e  
t o  d i s i n t e g r a t i o n  o f  t h e  c e l l ,  and  even  s l i g h t  m e c h a n ic a l  o r  
p r o t e o l y t i c  t ra u m a  would l e a d  t o  t h e  r e l e a s e  o f  c o n s id e r a b l e  
am ounts o f  h i s t a m i n e  i n t o  t h e  i n t r a c e l l u l a r  f l u i d .
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EXPERIMENTAL SECTION
1. HTRTAMTWE RELEASE IN HOMOGENATES
44.
1 . H is ta m in e  r e l e a s e  i n  H om ogenates.
As a  r e s u l t  o f  t h e  c o n c lu s io n s  m e n tio n ed  i n  t h e  I n t r o d u c t i o n  
t h e  a c t i o n  o f  h i s t a m i n e - l i h e r a t o r s  was t e s t e d  on i n t r a c e l l u l a r  
en z y m e-sy s te m s . T h re e  p a r t i c u l a r  g ro u p s  w ere exam ined: f i r s t l y
t h e  c a t h e p s i n s ,  s e c o n d ly  a d e n o s i n l a n d  t h i r d l y  t h e  enzymes 
a s s o c i a t e d  w i th  a e r o b i c  r e s p i r a t i o n  and t h e  f o rm a t io n  o f  h ig h -  
e n e rg y  p h o s p h a te  b o n d s .  The i s o l a t i o n  o f  t h e s e  enzymes in v o lv e d  
t h e  h o m o g e n iz a t io n  o f  t h e  t i s s u e s ,  a  t r e a t m e n t  w hich  n o t  o n ly  
r e l e a s e d  a  c o n s i d e r a b l e  amount o f  bound h i s t a m i n e ,  b u t  a l s o  
i n v o lv e d  t h e  r i s k  o f  i n a c t i v a t i n g  some, i f  n o t  a l l ,  o f  t h e  
com ponents  o f  t h e  h i s t a m i n e  l i b e r a t i n g  m echanism . T h is  p o s s i b i l i t y ;  
l e d  t o  a  f u r t h e r  c o m p l ic a t io n  i n  t h a t  any  e f f e c t s  which t h e s e  
h i s t a m i n e  l i b e r a t o r s  happened  t o  h av e  on t h e  re m a in in g  enzyme 
sy s te m s  m ig h t  w e l l  be  c o m p le te ly  u n c o n n e c te d  w i th  t h e  h i s t a m in e -  
r e l e a s i n g  a c t i o n  w hich  th e y  d i s p l a y e d  on n o rm al i n t a c t  t i s s u e s .
At t h i s  t im e  ( e a r l y  i n  1953) no r e p o r t s  had  ap p e a red  i n  t h e  
l i t e r a t u r e  o f  t h e  e f f e c t  o f  h i s t a m i n e - l i b  e r a t  o r s  on hom ogenates.
An a t t e m p t  was t h e r e f o r e  made t o  s e e  w h e th e r  o r  n o t  th e y  co u ld  
r e l e a s e  h i s t a m i n e  i n  t h i s  ty p e  o f  p r e p a r a t i o n .  I f  t h e y  c o u ld ,  
t h e n  i t  w ould  h av e  b e e n  j u s t i f i a b l e  t o  assume t h a t  t h e  components 
o f  t h e  r e l e a s i n g  m echanism  w ere  s t i l l  i n t a c t .  F u r th e rm o re ,  a  
c o m p ar iso n  c o u ld  t h e n  be made b e tw een  t h e  amount o f  h i s t a m in e  
a c t u a l l y  l i b e r a t e d  and t h e  e f f e c t  o f  t h e  d ru g s  on t h e  p a r t i c u l a r  
enzyme sy s te m s  u n d e r  c o n s i d e r a t i o n .
I t  h a s  a l r e a d y  b e e n  m e n tio n e d  t h a t  h i s t a m in e  m e ta b o l ism  
may be c o n n e c te d  w i th  t h e  e n e rg y  p r o c e s s e s  l i n k e d  t o  a e r o b i c  
r e s p i r a t i o n .  T hese  i n i t i a l  e x p e r im e n ts  on t h e  e f f e c t  o f  l i b e r a t o r s  
on t i s s u e  h o m o g en a tes  t h u s  n e e d e d  a  p r e p a r a t i o n  i n  w hich  th e  
a e r o b i c  p r o c e s s e s  w ere  m a in ta in e d  a t  a  l e v e l  o f  a c t i v i t y  s i m i l a r  
t o  t h a t  o f  i n t a c t  t i s s u e s .  F o r  t h i s  r e a s o n ,  h o m o g e n iz a t io n  was 
p e r fo rm e d  i n  0*25M s u c r o s e  i n  o r d e r  t o  p r e s e r v e  t h e  m i to c h o n d r ia .
At t h e  same t im e ,  0-02M sodium  c i t r a t e ,  0-02M sodium  s u c c i n a t e  and 
h o r s e - h e a r t  cy tochrom e-C  w ere in c lu d e d  t o  p ro v id e  e s s e n t i a l  
s u b s t r a t e s  and  c o - f a c t o r s  f o r  t h e  enzymes o f  t h e  t r i c a r b o x y l i c  
c y c l e .  T hese  h ap p e n  t o  be  so s e n s i t i v e  t h a t  i r r e v e r s i b l e  
i n a c t i v a t i o n  o c c u r s  when t h e y  a r e  d e p r iv e d  o f  t h e i r  s u b s t r a t e s  
even  f o r  a  s h o r t  p e r i o d  o f  t im e .  T h is  w i l l ,  o f  c o u r s e ,  o c c u r  when 
t h e  c e l l u l a r  c o n t e n t s  a r e  d i l u t e d  by  a  h o m o g e n iz a t io n  f l u i d  devo id  
o f  t h e s e  p a r t i c u l a r  s u b s t r a t e s .  U nder t h e s e  c i r c u m s ta n c e s ,  enzymic 
a c t i v i t y  i s  r e t a i n e d  o n ly  when a l l  m a n ip u la t io n s  a r e  p e rfo rm ed  a t  
z e ro  o r  b e low . As t h e s e  c o n d i t i o n s  c o u ld  n o t  be a t t a i n e d ,  th e  
c i t r a t e  and s u c c i n a t e  w ere  i n c o r p o r a t e d  i n  t h e  s u c ro s e  s o l u t i o n  
f ro m  t h e  v e r y  b e g in n in g ,  so t h a t  some d e g re e  o f  p r o t e c t i o n  would 
be a f f o r d e d  when t h e  t e m p e r a tu r e  r o s e  d u r in g  s u b se q u e n t  o p e r a t i o n s .  
The pH o f  t h e  ho m o g en iz in g  f l u i d  was a d j u s t e d  so t h a t  i t  had  a  
v a l u e  o f  pH 7 -3  a t  37°C . B e fo re  u s e ,  b o th  i t  and t h e  hom ogen izers  
w ere  t h o r o u g h ly  c o o le d  i n  i c e .
4 6 .
P r e p a r a t i o n  o f  t i s s u e s . A g u i n e a - p i g  was k i l l e d  by a  blow 
on t h e  b a c k  o f  t h e  head  and t h e  b lo o d  d r a in e d  o u t by a  c u t  a c ro s s  
t h e  n e c k .  The l u n g s ,  h e a r t  and d iaph ragm  w ere t h e n  removed and 
s e p a r a t e l y  c u t  i n t o  t h i n  s l i c e s  w hich  w ere imm ersed i n  i c e  c o ld  
0-25M s u c r o s e  s o l u t i o n .  The s l i c e s  w ere b l o t t e d ,  w eighed on a  
t o r s i o n  b a l a n c e  and  sam p les  o f  400 mg. hom ogenized w i th  1 . 5  m l. 
o f  s u c r o s e  s o l u t i o n  f o r  two m in u te s .  When a l l  t h e  t i s s u e  had  
b e e n  so t r e a t e d ,  t h e  hom ogenates  w ere  spun  a t  2500  r . p .m .  f o r  
f i v e  m in u te s  t o  rem ove p i e c e s  o f  c o n n e c t iv e  t i s s u e .  U n f o r t u n a t e l y , 
t h i s  p r o c e d u r e  d id  n o t  s p i n  down i n t a c t  c e l l s ;  t o  do so would 
h av e  r e q u i r e d  a  much h i g h e r  s p e e d .  I c e d  s u c r o s e  s o l u t i o n  was 
ad d ed  t o  t h e  lu n g  hom ogenate , so t h a t  t h e  f i n a l  p r e p a r a t i o n  
c o n t a in e d  5 g .  o f  t i s s u e  d i s p e r s e d  i n  30 m l. ( tu b e  l ) .  Due to  
t h e  s m a l l  amount o f  d iap h rag m  m u sc le  ( 2  g .  ) ,  i t s  hom ogenate was 
added  t o  t h a t  o f  t h e  h e a r t  m u sc le  ( 3  g . )  and t h e  combined 
p r e p a r a t i o n  t h e n  b ro u g h t  up  t o  30 m l. w i th  more s u c r o s e  s o l u t i o n  
( t u b e  2 ) .
E x p e r im e n ta l  p r o c e d u r e . Each s u s p e n s io n  was e q u a l ly  d iv id e d  
b e tw e en  two f l a s k s  w h ich  w ere o s c i l l a t e d  i n  a  b a th  a t  37^0. A 
s t r e a m  o f  oxygen c o n t a i n i n g  5?^  COg was p a s s e d  th ro u g h  them and 
a f t e r  a  t e n  m in u te  e q u i l i b r a t i o n  p e r i o d ,  7 m l. sam p les  were 
rem oved f o r  t h e  d e t e r m i n a t i o n  o f  t h e  i n i t i a l  h i s t a m in e  
c o n c e n t r a t i o n .  The r e s t  o f  t h e  p r o c e d u re  i s  shown i n  T ab le  1 .
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TABLE 1 .
S equence  o f  i n c u b a t i o n  e x p e r im e n t  w i th  f r e s h  t i s s u e s .  
( P . I .  = p ro p a m id in e  i s e t h i o n a t e )
Z ero  + 10 m in s . Zero + 11 m in s . Zero + 30 m in s .
I n i t i a l  Specim en 
f o r  h i s t a m i n e  
c o n te n t
A d d i t io n  o f  
P. I .
F i n a l  Specimen 
f o r  h i s t a m in e  
co n t en t
^ l a s k  1
1
Specim en S I NONE S l l  ^
^ E l a s k  3 S3 8 mg. 813
^ F l a s k  2 S2 NONE S12
2^
F l a s k  4 84 8 mg. 814
Tube 
Tube 
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A ssa y  o f  h i s t a m i n e . B e fo re  any  i n c u b a t i o n  e x p e r im e n ts  were 
s t a r t e d ,  t r i a l s  w ere  made on two t e c h n iq u e s  f o r  a s s a y in g  h i s t a m in e ;  
t h e s e  w ere  S c h i l d ’ s f o u r  p o i n t  a s s a y  m ethod ( S c h i l d ,  1942) and 
F e l d b e r g ' s  m ethod . The p r o p e r  p e r fo rm a n c e  o f  t h e  fo rm e r  t e c h n iq u e  
n e e d s  an  a u t o m a t i c a l l y  c o n t r o l l e d  g u t  b a t h ,  b u t  t h i s  c o m p l ic a t io n  
i s  a v o id e d  i n  F e l d b e r g ' s  p ro c e d u re  w hich  was e v e n t u a l l y  u se d  f o r  
a l l  t h e  a s s a y s  i n  t h i s  w ork. The lo w e r  p a r t  o f  t h e  i le u m  o f  a  
g u i n e a - p i g  ( f a s t e d  f o r  18  h o u r s )  was removed and washed o u t w i th  
T yrode  s o l u t i o n .  A p i e c e ,  4 in c h e s  lo n g ,  was su sp en d ed  i n  an 
a e r a t e d  15 m l.  g u t  b a t h  so  t h a t  i n t e s t i n a l  s e c r e t i o n s  c o u ld  e a s i l y  
d r a i n  away i n t o  t h e  s u r r o u n d in g  f l u i d .  The l e v e r  was a d j u s t e d  to  
e n a b le  t h e  t i s s u e  t o  re m a in  s l i g h t l y  f l a b b y  and n o t  h e ld  t a u t .
At f r e q u e n t  i n t e r v a l s  t h e  b a t h  f l u i d  was changed and 0*2 m l. of 
1 :5 0 0 ,0 0 0  a t r o p i n e  s u l p h a t e  added  t o  t h e  f r e s h  s a l i n e .  T h is  " r e s t "  
p e r i o d  l a s t e d  two h o u r s  and was fo u n d  t o  be e s s e n t i a l  f o r  d ev e lo p ­
in g  a  p r e p a r a t i o n  h a v in g  a  r e a s o n a b l e  d e g re e  o f  s e n s i t i v i t y  and a  
s t e a d y  b a s e  l i n e .  At t h e  end o f  t h i s  p e r io d  t h e  g u t  was s t im u la te d  
a t  r e g u l a r  i n t e r v a l s  w i th  0 * 1 0 ^  g .  h i s t a m i n e  b a s e .  Once th e  
r e s p o n s e s  h ad  become c o n s t a n t ,  w hich  was u s u a l l y  a f t e r  10  t o  20 
s t i m u l a t i o n s ,  t h e  a s s a y  was commenced.
A c o n s t a n t  volum e o f  t h e  unknown s o l u t i o n  was a l t e r n a t e d  w ith  
g ra d e d  d o se s  o f  t h e  s t a n d a r d  so t h a t  t h e  l a t t e r  p ro d u ced  re s p o n s e s  
w hich  i n i t i a l l y  j u s t  m atched  t h e  unknown, t h e n  w ere s l i g h t l y  i n  
e x c e s s  and  t h e n  s l i g h t l y  s m a l l e r  t h a n  t h e  m a tch in g  d o se .  I n  some 
c a s e s  t h e  volum e o f  "unknown" was a d j u s t e d  a s  w e l l ,  b u t  t h i s
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p r o c e d u r e  was n o t  o f t e n  u s e d  f o r  b e s i d e s  t e n d in g  t o  a l t e r  t h e  
s e n s i t i v i t y  o f  t h e  g u t ,  i t  a l s o  v a r i e d  t h e  c o n c e n t r a t i o n  o f  g u t -  
s t i m u l a t i n g  s u b s t a n c e s  o t h e r  t h a n  h i s t a m i n e  w hich m igh t have  been  
p r e s e n t  i n  t h e  e x t r a c t .  The u s e  o f  a  c o n s t a n t  volume o f  "unknown" 
th r o u g h o u t  t h e  a s s a y  e n a b le d  a  m easurem ent t o  be made o f  t h e  e x t e n t  
t o  w h ich  o t h e r  s u b s t a n c e s  had  a f f e c t e d  t h e  g u t .  T h is  was a c h ie v e d  
by  r e p e a t i n g  t h e  "unknown" dose  i n  t h e  p r e s e n c e  o f  mepyramine 
m al e a t  e ( 1 : 2 5 ,0 0 0 ,0 0 0 ) ,  a  h i g h l y  s p e c i f i c  a n t i - h i s t a m i n e .  I n  t h i s  
way t h e  p r e s e n c e  o f  o t h e r  g u t - c o n t r a c t i n g  s u b s ta n c e s  was r e v e a le d  
and  t h e i r  a c t i v i t y  r e l a t i v e  t o  h i s t a m i n e  d e te rm in e d .
The f o l l o w in g  se q u e n c e  was u se d  i n  a l l  a s s a y s ,  t h e  s ta n d a r d  
o r  unknown s o l u t i o n  a c t e d  on t h e  g u t  f o r  tw e n ty  s e c o n d s .  The 
l e v e r  was t h e n  clam ped and t h e  b a t h  washed o u t tw ic e .  A f t e r  t h e  
t h i r d  r e f i l l i n g  t h e  clam p was rem oved, t h e  g u t  r e l a x e d  and 0*2  m l. 
o f  ( 1 :5 0 0 ,0 0 0 )  a t r o p i n e  s u l p h a t e  a d d ed . The p r e p a r a t i o n  was 
s t i m u l a t e d  e v e ry  two m in u te s  and c lam p in g  was u se d  t o  p re v e n t  th e  
g u t  f rom  b e in g  s u d d e n ly  s t r e t c h e d  when t h e  b a t h  f l u i d  was em ptied  
o u t .
R e s u l t s . P a r t  o f  t h e  a s s a y  i s  shown i n  P ig .  1 , t h e  s o l u t i o n  
S I  b e in g  t h e  f i r s t  sp ec im en  removed from  F la s k  1 .  The s t a n d a r d s ,  
a l l  l a b e l l e d  S, c o n s i s t e d  o f  0*1 j j g .  o f  h i s t a m i n e .  I n  "A" th e  
e f f e c t  o f  0*5 m l. o f  u n d i l u t e d  S I  i s  shown; th e  l a r g e  c o n t r a c t i o n  
i t  c a u se d  a l t e r e d  t h e  s e n s i t i v i t y  o f  t h e  p r e p a r a t i o n  t o  such  an 
e x t e n t  t h a t  n o rm al r e s p o n s e s  t o  t h e  s t a n d a r d  w ere n o t  o b ta in e d  f o r  
a  c o n s i d e r a b l e  t im e .  E v e n tu a l ly ,  m a tc h in g  o c c u r r e d  be tw een  0*50
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m l. o f  S I  d i l u t e d  l / l O  ( P i g .  1 D) and  t h e  s t a n d a r d ;  t h i s  dose 
was r e p e a t e d  f i v e  t im e s  t o  make s u r e  t h a t  t h e  m a tc h in g  and g u t -  
s e n s i t i v i t y  w ere  r e a s o n a b l y  c o n s t a n t .  At F , 0*55 m l.  o f  d i l u t e d  81 
ex c e e d e d  t h e  s t a n d a r d s ,  w h i le  0*45 m l. (G) gave  a  s m a l l e r  r e s p o n s e .  
Prom t h i s  a s s a y  i t  was c a l c u l a t e d  t h a t  one m l .  o f  u n d i l u t e d  S I 
c o n t a in e d  20-8  y  g .  o f  h i s t a m i n e .  At t h e  end o f  t h e  a s s a y  t h e  g u t  
was t r e a t e d  w i th  m epyram ine m al e a t  e ( F i g .  2 ) .  T h is  a b o l i s h e d  t h e
C
f a s t  c o n c e n t r a t i o n s  i n  b o th  t h e  s t a n d a r d s  and in c u b a t i o n  l i q u i d s ,  
b u t  i n  two o f  t h e  l a t t e r  a  s m a l l  amount o f  a  slow  c o n t r a c t i n g  
s u b s t a n c e  was p r e s e n t .  I t s  e f f e c t s  w ere  how ever n e g l i g i b l e  
com pared w i th  t h o s e  o f  h i s t a m i n e  and so i t  was ig n o re d  when th e  
a c t i v i t i e s  o f  t h e  d i f f e r e n t  i n c u b a t i o n  l i q u i d s  w ere a s s e s s e d .  
R e s u l t s . The f o l l o w i n g  t a b l e  shows t h e  r e s u l t s
TABLE 2.
( P . I .  = p ro p a m id in e  i s e t h i o n a t e )
H is ta m in e  c o n c e n t r a t i o n  e x p re s s e d  j 
o f  i n c u b a t i o n  l i q u i d .
.n p g .  p e r  m l.
F l a s k  No. 10 m in s . H i s t a m i n e - r e l e a s i n g 30 m ins .
i n c u b a t i o n d ru g  added i n c u b a t io n
1) 20-8 NONE 25
) lu n g
3) 2 0 .0 8 mg. P . I . 25
2) h e a r t 0 .5 0 NONE 0 .4
) m u sc le  and
4) d iap h rag m 0 .4 0 8 mg. P. I . 0 . 5
F i a .  1 .
I n c u b a t i o n  o f  f r e s h  t i s s u e  h o m o g e n a te s  
( T a b le  l ) .  A ssa y  o f  s o l u t i o n  S I .
S -  d o se  o f  0 . 1 | J g .  o f  h i s t a m i n e
A e f f e c t  o f  0 , 5 m l. o f  u n d i l u t e d  S I
B 0 . 2 m l. o f S I d i l u t e d 1 i n 10
C 0 .3 m l.  o f 31 d i l u t e d 1 i n 1 0 -
D 0 .5 m l. o f S I d i l u t e d 1 i n 10
E 0 .5 m l. o f S I d i l u t e d 1 i n 10
F 0 . 5 5 m l. o f S I d i l u t e d 1 i n 10
g 0 . 4 5 m l. o f S I d i l u t e d 1 i n 10
H 0 . 4 0 m l. o f 31 d i l u t e d 1 i n 10
F i g .  2.
I n c u b a t i o n  o f  f r e s h  t i s s u e  h o m o g e n a te s  
( T a b le  l ) .  E f f e c t  o f  f l u i d s  on g u i n e a -  
p i g  i le u m  a f t e r  t r e a t m e n t  w i t h  m epyram ine  
m a le a t e  ( 1 : 2 5 , 0 0 0 , 0 0 0 ) .
S -  0 . 1  ^ g .  h i s t a m i n e ;  t h e  m epyram ine  
was t h e n  ad d ed  t o  t h e  b a t h ^ h a l f  a  
m in u te  b e f o r e  t h e  i n c u b â t l o r u - l i q u i d s .  
2S -  0 .2 y y g .  h i s t a m i n e  a f t e r  m e p y ra m in e .
1 = sp e c im e n  S l l
2 = sp e c im e n  S12
3 = sp e c im e n  S13
4 = s p e c im e n  S14
Y
% / .
5 B s
51.
I t  c a n  b e  s e e n  t h a t  no  h i s t a m i n e  was a p p a r e n t l y  l i b e r a t e d  
i n  f l a s k s  2 an d  4 .  T h i s  may w e l l  h a v e  b e e n  due t o  t h e  f a c t  t h a t  
t h e  i n c u b a t i o n  s o l u t i o n s  c o n t a i n e d  so  much p ro p a m id in e  t h a t  t h e  
s e n s i t i v i t y  o f  t h e  g u t  was c o n s i d e r a b l y  r e d u c e d .  The h i s t a m i n e  
s t a n d a r d s  w ere  a l s o  p r e p a r e d  w i t h  a n  e q u i v a l e n t  amount o f  t h e  
d ru g  a n d ,  u n d e r  t h e s e  c o n d i t i o n s ,  t h e  r e s p o n s e s  o f  t h e  g u t  w ere  
so  r e d u c e d  a n d  t h e  b a s e  l i n e  made so  i r r e g u l a r  t h a t  i t  was 
i m p o s s i b l e  t o  o b t a i n  c o n s i s t e n t  g r a d a t i o n s  b e tw e e n  d o s e s  w hich  
d i f f e r e d  b y  a s  much a s  0 - l | i g .  h i s t a m i n e .  T h is  change  i n  
s e n s i t i v i t y  an d  t h e  a l t e r a t i o n  i n  b a s e  l i n e  a r e  shown i n  P ig .  3 .
The e x p e r im e n t  was t h e r e f o r e  r e p e a t e d  u s i n g  a  f a r  lo w e r  
c o n c e n t r a t i o n  o f  l i b e r a t o r  i n  t h e  i n c u b a t i o n  f l u i d  t o g e t h e r  w i th  
c o n s i d e r a b l y  m ore t i s s u e  t o  m a g n ify  an y  r e l e a s e  t h a t  m ig h t  o c c u r .  
By t h e  m e th o d  p r e v i o u s l y  d e s c r i b e d  an  ho m o g en a te  was p r e p a r e d  
c o n t a i n i n g  8 g .  o f  h e a r t  m u s c le  an d  3 g .  o f  d ia p h ra g m  m u sc le  i n  
30 m l .  o f  s u c r o s e  s o l u t i o n .  A f t e r  e q u i l i b r a t i o n  f o r  t e n  m in u te s ,  
t h e  i n i t i a l  sa m p le  was w i th d ra w n  f o r  a s s a y  and  t h e  r e m a in d e r  o f  
t h e  s u s p e n s i o n  d i v i d e d  e q u a l l y  b e tw e e n  two f l a s k s .  P ro p a m id in e  
i s e t h i o n a t e  was a d d e d  t o  o n e ,  g i v i n g  a  c o n c e n t r a t i o n  o f  0* 1  mg/ml 
S am ples  f o r  a s s a y  w e re  rem oved  f ro m  b o th  f l a s k s  a f t e r  a  f u r t h e r  
t e n  m in u te s*  i n c u b a t i o n .  The r e s u l t s  w ere  a s  f o l l o w s : -
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TABLE 3.
T re a tm e n t  d u r in g  
i n c u b a t i o n
S o l u t i o n
No.
H is ta m in e  c o n c e n t r a t i o n  i n  
yUg/ml. o f  i n c u b a t i o n  f l u i d
Removed a f t e r  10 m in . 
e q u i l i b r a t i o n  p e r i o d S17 0 .0 3
I n c u b a t e  d i v i d e d  i n t o  
two e q u a l  p o r t i o n s Specim en l o s t
Removed a f t e r  10 m in . 
i n c u b a t i o n S19 0 .0 6
Removed a f t e r  10 m in . 
i n c u b a t i o n  w i t h  p ro p -  
a m id in e  i s e t h i o n a t e
S20 0 . 1 2
I n  t h i s  e x p e r im e n t  h i s t a m i n e  was r e l e a s e d  i n  t h e  hom ogenate 
by  t h e  a d d i t i o n  o f  p ro p a m id in e  i s e t h i o n a t e .  P a r t  o f  t h e  a s s a y  i s  
shown i n  P i g .  4 .
A l th o u g h  t h e  l a s t  e x p e r im e n t  showed t h a t  p ro p a m id in e  
i s e t h i o n a t e  c a n  a c t  i n  a  h o m o g en a te ,  t h e  amount o f  h i s t a m in e  
l i b e r a t e d  was c o n s i d e r a b l y  l e s s  t h a n  t h a t  r e l e a s e d  by  i t s  a c t i o n  
on i n t a c t  c e l l s .  One r e a s o n  f o r  t h i s  c o u ld  have  b e e n  t h e  e f f e c t  
o f  d i l u t i o n  on a  n e c e s s a r y  com ponent o f  t h e  r e l e a s i n g  m echanism .
An a t t e m p t  t o  overcom e t h i s  d i f f i c u l t y  was made i n  two ways ; 
f i r s t l y ,  by  i s o l a t i n g  m i t o c h o n d r i a  so  t h a t  t h e y  c o u ld  be 
r e s u s p e n d e d  i n  a  s m a l l e r  f i n a l  v o lum e , and  s e c o n d ly ,  by d e s i c c a t i n g  
t h e  t i s s u e s ,  t h e n  g r i n d i n g  and d i s p e r s i n g  them  so t h a t  a
FIG. 3.
I n c u b a t i o n  o f  f r e s h  t i s s u e  ho m o g en a te s  
( T a b le  1 ) .  E f f e c t  o f  p ro p a m id in e  
i s e t h i o n a t e  on g u i n e a - p i g  i le u m  d u r in g  
h i s t a m i n e  a s s a y .
S -  0 . 1  / / g .  h i s t a m i n e .
Sp -  0 . 1  f /g ,  h i s t a m i n e  i n  a  s o l u t i o n  
c o n t a i n i n g  p ro p a m id in e  i s e t h i o n a t e  
1  m g/m l.
FIG. 4.
I n c u b a t i o n  o f  f r e s h  t i s s u e  hom ogenates  
( T a b le  3 ) .  P a r t  o f  t h e  a s s a y  o f  s o l u t i o n s  
S19 and  S 2 0 , t h e  volum e o f  t h e  i n c u b a t i o n  
f l u i d  b e in g  r e c o r d e d  i n  m l.
S -  0 . 1  / /g .  h i s t a m i n e ,  
s
"2 -  0 .0 5  yt'g. h i  s t a m in a
Fiÿ. 3.
/  /
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p r e p a r a t i o n  more c o n c e n t r a t e d  t h a n  a  hom ogenate  was o b t a i n e d .  I t  
was a l s o  hoped  t h a t  t h e  i s o l a t i o n  o f  m i t o c h o n d r i a  w ould show 
w h e th e r  o r  n o t  t h e  l i b e r a t o r s  a c t e d  on t h i s  c e l l u l a r  com ponent 
a l o n e ,  o r  v /h e th e r  o t h e r  c o n s t i t u e n t s  o f  t h e  c e l l  o r  t i s s u e  e x t r a c t  
w ere  n e e d e d  f o r  t h e  r e a c t i o n  t o  o c c u r .
The a t t e m p t  t o  i s o l a t e  m i t o c h o n d r i a  was u n s u c c e s s f u l .  T r i a l  
e x p e r im e n ts  w ere  made on h o m o g e n a te s  f ro m  r a t  l i v e r  a s  t h i s  t i s s u e  
i s  p a r t i c u l a r l y  r i c h  i n  l a r g e  m i t o c h o n d r i a .  The u s u a l  p ro c e d u re  
i s  t o  hom ogen ize  i n  0*25M s u c r o s e ,  rem ove c o n n e c t i v e  t i s s u e  and 
i n t a c t  c e l l s  by  s p i n n i n g  a t  500 g and  t h e n  t o  s e d im e n t  t h e  m i to ­
c h o n d r i a  i n  c o n s i d e r a b l y  s t r o n g e r  g r a v i t a t i o n a l  f i e l d s  (Hogeboom, 
S c h n e i d e r  and  P a l a d e ,  1 9 4 8 ) .  The h i g h e s t  sp e e d  o f  t h e  c e n t r i f u g e  
a v a i l a b l e  a t  t h e  t im e  was i n s u f f i c i e n t  t o  p ro d u c e  t h e  n e c e s s a r y  
g r a v i t a t i o n a l  f o r c e .  H ow ever, i t  i s  p o s s i b l e  t o  d e p o s i t  t h e s e  
p a r t i c l e s  a t  a  lo w e r  s p e e d  i f  t h e y  a r e  f i r s t  a g g l u t i n a t e d  w i th  a  
s t r o n g  s o l u t i o n  o f  p o ta s s iu m  c h l o r i d e  ( L e h n in g e r ,  1 9 5 1 ) .  T h is  
p r o c e d u r e  d id  n o t  g i v e  s a t i s f a c t o r y  y i e l d s  h ow ever, and , i n  |
a d d i t i o n ,  t h e  t i s s u e  p r e p a r a t i o n s  becam e v e r y  warm d u r in g  c e n t r i ­
f u g a t i o n .  As m i t o c h o n d r i a  c o u ld  n o t  be  i s o l a t e d  f ro m  r a t  l i v e r ,  
no a t t e m p t  was made t o  a p p l y  t h e  t e c h n i q u e  t o  g u i n e a - p i g  t i s s u e s .  !
I n s t e a d ,  t h e  se c o n d  m ethod  was a d o p t e d ,  even  th o u g h  i t  h a s  o b v io u s  
d i  s a d v a n t a g e s .
A l l  t h e  a p p a r a t u s  was c h i l l e d  i n  an  i c e - s a l t  m ix tu r e  a t  |i
b e tw e e n  -1 0  and  - 2 0 ^ 0 .  As so o n  a s  t h e  t i s s u e s  w ere removed from  
t h e  a n im a l ,  t h e y  w ere  im m ersed  i n  c o ld  0.25M s u c r o s e  and  c u t  i n t o  |
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t h i n  s l i c e s ;  a f t e r  b l o t t i n g  t h e s e  w ere s p r e a d  on c o ld  P e t r i  
d i s h e s ,  w h ich  w ere  q u i c k l y  p l a c e d  i n  a  c o o le d  vacu iua-d e s l o c a t o r .  
P h o sp h o ru s  p e n t o x id e  was i n t r o d u c e d ,  t h e  v e s s e l  s e a l e d  and t h e n  
e v a c u a te d  t o  a  p r e s s u r e  o f  l e s s  t h a n  0*5 mm.Hg. w i th  a  S p e e d iv a c  
pump. T h is  low  p r e s s u r e  was m a in t a in e d  f o r  two h o u r s  w h i le  t h e  
v e s s e l  s to o d  i n  t h e  i c e - s a l t  m i x t u r e .  I t  was t h e n  d i s c o n n e c te d  
f ro m  t h e  pump and  p l a c e d  i n  t h e  r e f r i g e r a t o r  f o r  24 h o u r s .  As a  
r e s u l t  o f  t h i s  t r e a t m e n t  t h e  t i s s u e  was fo u n d  t o  be  th o r o u g h ly  
d r i e d  and  b r i t t l e  and  e a s i l y  p o w d ered . The g ro u n d -u p  t i s s u e  was 
k e p t  i c e - c o l d ,  s p r e a d  o u t  on P e t r i  d i s h e s  and  ex p o sed  t o  f r e s h  
p h o s p h o ru s  p e n t o x i d e  a t  0*5 mm.Hg. p r e s s u r e .  The f i n a l  p ro d u c t  
was s t o r e d  i n  t h e  r e f r i g e r a t o r  o v e r  t h e  same d e h y d r a t in g  a g e n t .  
When su sp e n d e d  i n  T y ro d e  i t  was f u r t h e r  d i s r u p t e d  by  a  ho m o g en ize r  
f o r  two m in u t e s .
Two s e t s  o f  f o u r  t u b e s ,  e a c h  c o n t a i n i n g  e i t h e r  80 mg. o f  
lu n g  pow der o r  70 mg. o f  h e a r t  m u sc le  pow der i n  10 m l. T y rode , 
w ere  i n c u b a t e d  a t  37*^0. The s e q u e n c e  f o l lo w e d  i n  t h e  ex p e r im e n t 
was a s  f o l l o w s : -
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TABLE 4*
I n c u b a t i o n  o f  d e s i c c a t e d  lu n g  and  h e a r t  t i s s u e .  
( P . I .  = p ro p a m id in e  i s e t h i o n a t e )
Tube No. T re a tm e n t Specim(
lu n g
Bn No. 
h e a r t
1 I n c u b a t e d  f o r  10 m in s . S I S l l
2 I n c u b a t e d  f o r  20 m in s . 82 l o s t
3 I n c u b a t e d  f o r  30 m in s . S3 S12
4 I n c u b a t e d  f o r  a c t u a l  p e r i o d  
o f  30 m in s .  and  0 * 1  mg.
P . I .  ad d e d  a f t e r  10 m in s . S4 S13
At t h e  end o f  t h e  a p p r o p r i a t e  p e r i o d ,  each  tu b e  was c e n t r i ­
fu g e d  a t  2 ,5 0 0  r . p . m .  f o r  t h r e e  m in u t e s ,  t h e  s u p e r n a t a n t  c o l l e c t e d  
and  t h e n  k e p t  i n  i c e  u n t i l  a s s a y e d .  The h i s t a m i n e  a s s a y  was 
p e r fo rm e d  on t h e  same day  a s  t h e  i n c u b a t i o n .  The r e s u l t  o f  t h e  
e x p e r im e n t  i s  g iv e n  i n  P i g .  5, w h ich  shows t h a t  h i s t a m i n e  was 
r e l e a s e d  i n  t h e  t u b e  c o n t a i n i n g  p ro p a m id in e  i s e t h i o n a t e .  P a r t s  o f  
t h e  a c t u a l  a s s a y  a r e  shown i n  P i g s .  6 - 1 0 .
T h ese  r e s u l t s  w ere  c o n f i rm e d  w i th  a n o t h e r  p r e p a r a t i o n  o f  
d r i e d  lu n g  t i s s u e .  The same p r o c e d u r e  was u se d  a s  b e f o r e  e x c e p t  
t h a t  t h e  i n c u b a t i o n s  w ere  c o n t in u e d  f o r  an  e x t r a  t e n  m in u te s  t o  
s e e  w h e th e r  l o n g e r  c o n t a c t  w i th  p ro p a m id in e  w ould a l t e r  t h e  amount
PIG. 5.
H is ta m in e  r e l e a s e  from  d e s i c c a t e d  lu n g  and  
h e a r t  m u sc le  pow der i n  t h e  p r e s e n c e  o f  t h e  
h i s t a m i n e - l i h e r a t o r  p ro p a m id in e  i s e t h i o n a t e  
( s o l u t i o n s  34 and  3 1 3 ) .  P o r  s e q u e n c e  s e e  
T a b le  4.
Open colum ns -  c o n t r o l  t u b e s
B la c k  co lum ns -  t u b e s  c o n t a i n i n g  p ro p a m id in e
i s e t h i o n a t e .
PIG. 6 .
I n c u b a t i o n  o f  d e s i c c a t e d  lu n g  and h e a r t  
t i s s u e  ( T a b le  4 ) .  A ssay  o f  s o l u t i o n  3 1 .
H -  h i s t a m i n e  s t a n d a r d  (10" '^) ; v o lw ae  
i n  m l. r e c o r d e d  b e lo w .
V -  e f f e c t  o f  0 .3  m l. o f  31 , d i l u t e d  1 
i n  1 0 .
PIG. 7.
I n c u b a t i o n  o f  d e s i c c a t e d  lu n g  and  h e a r t  
t i s s u e  ( T a b le  4 ) .  A ssay  o f  s o l u t i o n  33 .
H -  10"'^ h i s t a m i n e ,  
u  -  0 . 5 'm l .  'O f  S3, d i l u t e d  1 i n  20.
Fi ^ ,5.
SI3
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F/a. 7.
F ia .  8.
I n c u b a t i o n  o f  d e s i c c a t e d  lu n g  and  h e a r t  
t i s s u e  ( T a b le  4 ) .  P a r t  o f  t h e  a s s a y  o f  
s o l u t i o n s  S4 ( d e s i c c a t e d  lu n g )  and  311 
( d e s i c c a t e d  h e a r t )  a f t e r  p ro p a m id in e  
i s e t h i o n a t e .
H -  h i s t a m i n e  s o l u t i o n  ( 1 0 ” ) ;  volum e 
i n  m l.  r e c o r d e d  b e lo w ,
X -  e f f e c t  o f  0 .5  m l.  o f  s o l u t i o n  34 
d i l u t e d  1 i n  2 0 . 
y  -  e f f e c t  o f  0 .5  m l. o f  s o l u t i o n  S l l  
d i l u t e d  1 i n  5 .
■ P ig .  9.
I n c u b a t i o n  o f  d e s i c c a t e d  lu n g  and h e a r t  
t i s s u e  ( T a b le  4 ) .
— 7
. ÏÏ, -  h i s t a m i n e  s o l u t i o n  ( 1 0  ' ) ;  volum e 
i n  m l.  r e c o r d e d  b e lo w .
W -  e f f e c t  o f  0 .5  m l. o f  s o l u t i o n  313 
d i l u t e d  1 i n  5 .
( D e s i c c a t e d  h e a r t  a f t e r  a d d i t i o n  
o f  p ro p a m id in e  i s e t h i o n a t e . )
f/g. 8.
F / 5 . 9 .
FIG-. 10 .
I n c u b a t i o n  o f  d e s i c c a t e d  lu n g  and  h e a r t  
t i s s u e  ( T a b le  4 ) .  E f f e c t  o f  i n c u b a t i o n  
f l u i d s  ( s e e  T a b le  3) on g u i n e a - p i g  
i le u m  b e f o r e  and  a f t e r  t r e a t m e n t  w i th  
1 : 2 5 , 0 0 0 , 0 0 0  m epyram ine m a l e a t e .
\
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o f  h i s t a m in e  l i b e r a t e d .  The r e s u l t s  a r e  shown i n  F ig .  11 and 
p a r t s  o f  t h e  a s s a y  i n  F i g s .  1 2 -1 4 . I n  t h i s  e x p e r im e n t t h e  
p r e s e n c e  o f  t h e  H l i b e r a t o r  i n c r e a s e d  th e  c o n c e n t r a t i o n  o f  
h i s t a m i n e  by 68^ ,  w h i le  i n  t h e  p r e v io u s  t e s t  t h e  i n c r e a s e  was 45^ .
The amount o f  p ro p a m id in e  u se d  was s u f f i c i e n t  t o  r e l e a s e  a l l  
t h e  d r u g - l a b i l e  h i s t a m i n e  i n  t h e  p r e p a r a t i o n s  and t h i s  was 
c o n f irm e d  by a n o t h e r  e x p e r im e n t  ( s e e  F ig .  15) i n  w hich  two 
a d d i t i o n s  o f  t h e  d ru g  w ere made. D r ie d  lu n g  powder (250 mg.) was 
i n c u b a te d  i n  50 m l. o f  Tyrode s o l u t i o n  w i th  t h e  f o l lo w in g  se q u e n c e :
TABLE 5.
I n c u b a t i o n  o f  d r i e d  lu n g  powder i n  Tyrode s o l u t i o n .  
( P . I .  = p ro p a m id in e  i s e t h i o n a t e )
Time T re a tm en t
Zero 4- 4 m in s . Sample S I  removed.
Zero + 8 m in s . Sample S2 removed.
P . I .  added  t o  g iv e  f i n a l  
c o n c e n t r a t i o n  o f  100  jyg /m l.
Zero + 12 m in s . Sample S3 removed.
P . I .  c o n c e n t r a t i o n  r a i s e d  
t o  200  J jg /m l .
Zero + 15 m in s . Sample S4 removed.
Zero + 18  m in s . Sample S5 removed.
FIG. 11 .
R e le a s e  o f  h i s t a m i n e  f ro m  d r i e d  lu n g  t i s s u e .  
P ro p a m id in e  i s e t h i o n a t e  ad d ed  a f t e r  10 m in s .  
and  re m a in e d  i n  c o n t a c t  w i t h  t h e  i n c u b a t e  
f o r  30  m in s .
Open co lum ns -  c o n t r o l  t u b e s .
B la c k  colum n -  t u b e  c o n t a i n i n g  p ro p a m id in e
i s e t h i o n a t e .
FIG. 12 .
I n c u b a t i o n  o f  d r i e d  lu n g  t i s s u e  w i th  
p ro p a m id in e  i s e t h i o n a t e .  A ssa y  o f  
i n c u b a t i o n  f l u i d s .
—7H -  h i s t a m i n e  ( 1 0  ) ;  volum e i n
m l. i n d i c a t e d ,  
a  -  0 . 2  m l.  o f  s o l u t i o n  S I ,  d i l u t e d  
1  i n  1 0 .
b -  e f f e c t  o f  0 .2 5  m l. o f  same s o l u t i o n .  
(S e e  F i g .  11 f o r  f i n a l  r e s u l t . )
Fiÿ. //.
f j j . k i s t a m i m  
4. P ml.
5 5
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PIG. 13.
I n c u b a t i o n  o f  d r i e d  lu n g  t i s s u e  w i th  
p ro p a m id in e  i s e t h i o n a t e .  A ssay  o f  
s o l u t i o n  S2.
H -  h i s t a m i n e  (1 0 ” ) ;  volum e i n  
m l.  i n d i c a t e d .
G -  e f f e c t  o f  0 .3  m l. o f  s o l u t i o n  
82 d i l u t e d  1  i n  1 0 .
PIG. 1 4 .
I n c u b a t i o n  o f  d r i e d  lu n g  t i s s u e  w i th  
p ro p a m id in e  i s e t h i o n a t e .  A ssay  o f  
s o l u t i o n s .
_'7
H -  h i s t a m i n e  ( 1 0  ) ;  volum e i n
m l. i n d i c a t e d ,  
d -  e f f e c t  o f  0 . 2  m l. o f  s o l u t i o n  
S3 d i l u t e d  1 i n  1 0 . 
e -  e f f e c t  o f  0 . 3  m l. o f  s o l u t i o n  
85  d i l u t e d  1  i n  2 0 .
(S e e  P i g .  11  f o r  f i n a l  r e s u l t . )
R j ,  13
Fig. /4
H J H J H
■i
«: 'V .
PIG. 15 .
I n c u b a t i o n  o f  d r i e d  g u i n e a - p i g  lu n g .  
S eq u en ce  shown i n  T a b le  5, a t  A and 
B p ro p a m id in e  i s e t h i o n a t e  was a d d e d ,  
i t s  i n i t i a l  c o n c e n t r a t i o n  b e i n g  
10 0  f jg /m l .  and  t h e  f i n a l  one 200  / /g /m l .
Open co lum ns -  c o n t r o l  sp e c im e n s .
B la c k  co lum ns -  sp e c im e n s  c o n t a i n i n g
o ro o a m id in e  i s e t h i o n a t e .
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I n  a n o t h e r  f l a s k  an  i d e n t i c a l  amount o f  lu n g  t i s s u e  was 
i n c u b a t e d  a s  a  c o n t r o l  f ro m  v/h ich  two sa m p le s  w ere  rem oved:
S6 a f t e r  f o u r  m in u te s  e q u i l i b r a t i o n  and  ST a t  t h e  end o f  z e r o  + 
18  m in s .  As can  be  s e e n  f ro m  F i g .  15 , t h e  s e c o n d  a d d i t i o n  o f  
p ro p a m id in e  d id  n o t  a l t e r  t h e  amount o f  f r e e  h i s t a m i n e  a l r e a d y  
p r e s e n t  i n  t h e  i n c u b a t i o n  f l u i d .
Fia. 15.
• A  i-
56
SI
S3 SA. S5
10
T  T  
A B
15
57
70
M ins.
58.
EXPERIIvIENTAL SECTION
2. EXPERIÎOTTS ON PROTEOLYTIC ENZYI^S.
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2. EXPERIMENTS ON PROTEOLYTIC ENZBdES.
The e x p e r im e n ts  i n  w h ich  f r e s h  o r  d r i e d  t i s s u e  h o m o g en a te s  
w ere  i n c u b a t e d  w i t h  p ro p a m id in e  i s e t h i o n a t e  showed t h a t  t h i s  
d ru g  was a b l e  t o  l i b e r a t e  h i s t a m i n e  i n  t h e s e  p r e p a r a t i o n s  j u s t  
a s  i t  d o es  i n  w h o le  o r g a n s .  The com ponen ts  o f  t h e  r e a c t i n g  
s y s te m  w ere  t h e r e f o r e  s t i l l  i n t a c t  and  i t  now seemed j u s t i f i a b l e  
t o  s e e  w h e th e r  o r  n o t  s p e c i f i c  enzyme s y s te m s  w ere  in v o lv e d  i n  
t h e  r e l e a s i n g  p r o c e s s .  At a b o u t  t h i s  t im e ,  t h e  r e s u l t s  o f  t h e  
e f f e c t  o f  l i b e r a t o r s  on t h e  s k e l e t a l  m u s c le s  and  s k i n  o f  t h e  
c a t ,  r a t  and  g u i n e a - p i g  w ere  p u b l i s h e d  ( E e ld b e r g  and T a l e s n i k ,  
1 9 5 2 ) ,  shov\^ing t h a t  t h e s e  d ru g s  w ere  p a r t i c u l a r l y  a c t i v e  on t h e  
s k i n  o f  t h e  r a t ,  w h ic h ,  f o r  t h i s  r e a s o n ,  was u s e d  a s  t h e  s o u r c e  
o f  i n t r a c e l l u l a r  enzymes i n  t h e  i n i t i a l  e x p e r im e n ts .  The 
c a t h e p s i n s  w ere  f i r s t  s t u d i e d  b e c a u s e  many a u t h o r i t i e s  r e g a r d  
p r o t e o l y s i s  a s  an  e s s e n t i a l  s t e p  i n  t h e  r e l e a s e  o f  bound h i s t a m i n e  
( E e l d b e r g ,  1 9 41 ; S i l v a ,  1952 ; U n g a r ,  1 9 5 2 ) .
The enzyme e x t r a c t s  w ere  made a s  f o l l o v / s :  t h e  s k i n  was
q u i c k l y  rem oved f ro m  a  s tu n n e d  r a t  and  c o o le d  i n  i c e d  w a te r ;  
a f t e r  c u t t i n g  i n t o  n a r ro w  s t r i p s  i t  was b l o t t e d  and  p a s s e d  th r o u g h  
a  m in c e r ,  t h e  m a c e r a t e d  r e s i d u e  b e i n g  c o l l e c t e d  i n  c o ld  c a rb o n  
t e t r a c h l o r i d e .  The s u b c u ta n e o u s  f a t  was e x t r a c t e d  w i t h  two 
s e p a r a t e  vo lu m es  o f  t h i s  s o l v e n t ,  w h ich  was i t s e l f  rem oved w i th  
s e v e r a l  w a s h in g s  o f  d i e t h y l  e t h e r .  The t i s s u e  was t h e n  s u s p e n d e d -  
i n  a n  e q u a l  volum e o f  2^ KCl i n  a c e t a t e  b u f f e r  a t  pH 6 (S n o k e ,
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1950) and  a l lo v /e d  t o  e x t r a c t  i n  t h e  c o ld  f o r  two h o u r s ;  enzyme 
a s s a y s  w ere  p e r fo rm e d  on t h e  f i l t r a t e ,  p r o t e o l y t i c  a c t i v i t y  b e in g  
m e a su re d  b y  A n so n ’ s m ethod  (A nson , 1 9 3 9 ) .  The s u b s t r a t e ,  c r y s t a l ­
l i n e  h o r s e  h a e m o g lo b in ,  was p r e p a r e d  by a  m o d i f i c a t i o n  o f  K e i l i n ’ s 
m e thod  g iv e n  i n  Sum ners an d  Som ers ( 1944 . ) .
P r e l i m i n a r y  t e s t s  c a r r i e d  o u t  a t  pH 3  t o  8 c o m p le te ly  f a i l e d  
t o  show any  p r o t e o l y t i c  a c t  i  v i  t  y^  e t  we en pH 3 and  5. Hov/ever, a s  
h i s t a m i n e  r e l e a s e  o c c u r r e d  i n  t h e  h o m o g e n a te s  a t  pH 7*3, i t  seemed 
r a t h e r  u n l i k e l y  a t  f i r s t  s i g h t  t h a t  t h e s e  c a t h e p s i n s  c o u ld  be  
i n v o l v e d  i n  t h i s  p a r t i c u l a r  r e a c t i o n .  N e v e r t h e l e s s ,  e x p e r im e n ts  
w ere  c o n t in u e d  f o r  two r e a s o n s .  F i r s t l y ,  b e c a u s e  i t  was 
c o n s i d e r e d  t h a t  t h e  d i s c r e p a n c y  b e tw e e n  pH o p t im a  f o r  p r o t e o l y t i c  
a c t i v i t y  and  h i s t a m i n e  r e l e a s e  m ig h t  h a v e  b e e n  due t o  t h e  u s e  o f  
a n  ab n o rm a l s u b s t r a t e ;  s e c o n d ly ,  b e c a u s e  t h e  e f f e c t  o f  t h e  
l i b e r a t o r s  on c a t h e p s i n s  h ad  n o t  b e e n  exam ined  p r e v i o u s l y .
A few  a d d i t i o n a l  e x p e r im e n ts  w ere  p e r fo rm e d  i n  t h e  a b s e n c e  
o f  f o r e i g n  p r o t e i n  s u b s t r a t e s  t o  s e e  w h e th e r  o r  n o t  t h e  c a t h e p s i n s  
w ould  a c t  on t h e  p r o t e i n s  e x t r a c t e d  f ro m  t h e  c e l l s .  I n  t h e s e  
t e s t s  h o w e v e r ,  no m e a s u r a b le  ch an g e  i n  t y r o s i n e  c o n c e n t r a t i o n  
o c c u r r e d ,  e i t h e r  i n  t h e  c o n t r o l s ' o r  i n  t h e  p r e s e n c e  o f  up  to  
1 0 0  j j g / m l .  o f  p r o p a m id in e  i s e t h i o n a t e .
I n i t i a l  e x p e r im e n ts  shov/ed t h a t  more t y r o s i n e  was l i b e r a t e d  
f ro m  u r e a - d e n a t u r e d  h a e m o g lo b in  t h a n  from  t h e  s u b s t r a t e  i n  t h e  
n a t i v e  s t a t e .  T w e n ty - f iv e  gram s o f  t h e  p r o t e i n  w ere  d i s s o l v e d  i n  
a  s o l u t i o n  whose f i n a l  c o m p o s i t io n  was 36^ u r e a  and  0*08 N sodium
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h y d r o x id e # .  The m ix t u r e  was i n c u b a t e d  a t  37^0 f o r  f o u r  h o u r s ,  
d i a l y s e d  a g a i n s t  t a p  w a t e r  f o r  f o u r  d ay s  and i t s  volum e t h e n  
a d j u s t e d  t o  g i v e  a  20^  s o l u t i o n  o f  t h e  p r o t e i n .
I n  t h e  d e t e r m i n a t i o n  o f  t h e  pH o p t im a  o f  t h e  s k i n  c a t h e p s i n s ,  
s a m p le s  o f  t h e  s o l u t i o n  o f  d e n a tu r e d  h a e m o g lo b in  w ere a d j u s t e d  t o  
g i v e  t h e  f o l l o w i n g  r a n g e  o f  pH v a l u e s  a t  3 7 ^0 : 3*5 , 4*0 , 4*5
and  5*0. Sam ples  o f  enzyme s o l u t i o n  w ere  s i m i l a r l y  a d j u s t e d  and  
a  s e r i e s  o f  2M. a c e t a t e  b u f f e r s  o f  c o r r e s p o n d in g  pH v a l u e s  w ere 
a l s o  p r e p a r e d .  The a c t u a l  i n c u b a t i o n  m i x t u r e s  w ere  made up  i n  
t h e  f o l l o w i n g  way
12  m l.  o f  enzyme e x t r a c t .
1*5 m l.  o f  u r e a - d e n a t u r e d  h a e m o g lo b in  s o l u t i o n  (2 0 ^  H b ).
1*5 m l.  o f  2M a c e t a t e  b u f f e r  o f  a p p r o p r i a t e  pH.
A l l  t h e  com ponen ts  w ere  warmed t o  37^0 b e f o r e  m ix in g ,  t h e  
c o n c e n t r a t e d  b u f f e r  b e i n g  ad d e d  l a s t .  At z e ro  t im e  and  a t  45 
m in u te  i n t e r v a l s ,  2 m l .  o f  t h e  i n c u b a t e  w ere  p la c e d  i n  2 m l.  o f  
1 0 ^  t r i c h l o r a c e t i c  a c i d  and  t h e  p r e c i p i t a t e  spun  down. 2 m l .  o f  
t h e  s u p e r n a t a n t  was t h e n  u s e d  f o r  t y r o s i n e  d e t e r m i n a t i o n  u s i n g  
t h e  F o l i n - C i o c a l t e u *  c o l o u r  r e a c t i o n .  The o p t i c a l  d e n s i t y  o f  t h e  
s o l u t i o n  was r e a d  on t h e  a b s o r p t i o m e te r  u s i n g  a  s p e c tru m  r e d  
f i l t e r  (660  m ^). The r e s u l t  o f  t h e  e x p e r im e n t  i s  shown i n  F i g .
1 6 , w h ich  i n d i c a t e s  t h a t  t h e  enzyme showed optimum a c t i v i t y  a t  
pH 4*5 a p p r o x i m a t e l y .
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O th e r  s p e c im e n s  o f  r a t  s k i n  c a t h e p s i n  w ere  i n c u b a t e d  i n  t h e  
p r e s e n c e  o f  p ro p a m id in e  i s e t h i o n a t e  ( lO O yt/g /m l. ) a t  t h e  optimum 
pH. The r e s u l t s  o f  a  t y p i c a l  e x p e r im e n t  a r e  shown i n  P i g .  17 . 
Enzyme a c t i v i t y  i n  b o t h  f l a s k s  was low , and o v e r  a  p e r i o d  o f  
f i f t e e n  m in u te s  t h e  d ru g  h ad  no o b v io u s  e f f e c t s .
The p e r s i s t e n t  lov/ a c t i v i t y  o f  many p r e p a r a t i o n s  s u g g e s te d  
t h a t  n a t u r a l  a c t i v a t o r s  w ere  m i s s i n g .  S c h a l e s  and  H i l l  (1 9 4 9 )  
showed t h a t  c a t h e p s i n s  a r e  s t i m u l a t e d  by  c y s t e i n e ( 2 0  m i l l i ­
m o l e s / l i t r e )  and  t h e  f e r r o u s  i o n  o f  f e r r o u s  ammonium s u l p h a t e  
(0*02M ). I n  t h e s e  s k i n  p r e p a r a t i o n s  b o t h  s u b s t a n c e s ,  even  i n  
low  c o n c e n t r a t i o n ,  r e a c t e d  so  s t r o n g l y  w i th  P o l i n  and  C i o c a l t e u ’ s 
r e a g e n t  t h a t  no s a t i s f a c t o r y  r e a d i n g s  c o u ld  be  made. The 
d ev e lo p m e n t o f  t h i s  i n t e n s e  c o l o u r  c o u ld  l a r g e l y  b e  p r e v e n t e d  by  
a d d in g  fo rm a ld e h y d e  t o  t h e  i n c u b a t e  a f t e r  i t  was p l a c e d  i n  
t r i c h l o r a c e t i c  a c i d ;  t h i s  m o d i f i c a t i o n  n e v e r t h e l e s s  f a i l e d  t o  
show any  d i f f e r e n c e  b e tw e e n  t h e  p r e p a r a t i o n s  w i th  and  w i th o u t  
a c t i v a t o r s ,  w h e th e r  p ro p a m id in e  was p r e s e n t  o r  n o t .
An a t t e m p t  t o  i n c r e a s e  enzym ic a c t i v i t y  was made by  
c o n c e n t r a t i n g  t h e  e x t r a c t s  f ro m  s e v e r a l  s k i n s  ; t h e  s o l u t i o n s  
w ere  t r e a t e d  w i t h  t e n  t i m e s  t h e i r  volum e o f  i c e - c o l d  a c e to n e ,  
t h e  p r o t e i n  p r e c i p i t a t e  sp u n  down and  r e s u s p e n d e d  i n  0*2N sodium  
a c e t a t e - a c e t i c  a c i d  b u f f e r  a t  pH 4 * 5 . The p r o t e i n  c o n c e n t r a t i o n  
was t h e r e f o r e  t h e o r e t i c a l l y  i n c r e a s e d  t e n  t im e s  b u t  i t s  enzyme 
a c t i v i t y  was h o w ev e r  e x t r e m e ly  low , even  i n  t h e  p r e s e n c e  o f  t h e  
two a c t i v a t o r s .  S a t u r a t e d  ammonium s u l p h a t e  was a l s o  u s e d ,  t h e
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p r e c i p i t a t e d  p r o t e i n s  a g a i n  b e in g  r e s u s p e n d e d  i n  a c e t a t e  b u f f e r  
w h ic h  was t h e n  d i a l y s e d  i n  t h e  c o l d  f o r  4-8 h o u r s .  The f i n a l  
volum e was a d j u s t e d  t o  g i v e  a  t e n - f o l d  c o n c e n t r a t i o n .  Enzymic 
a c t i v i t y  was a lm o s t  i d e n t i c a l  w i t h  t h a t  o f  t h e  s t a r t i n g  m a t e r i a l .  
H ence , a l t h o u g h  t h e  enzymes w ere p r e s e n t ,  m a n ip u l a t i o n s  a p p a r e n t l y  
i n a c t i v a t e d  them  t o  a  c o n s i d e r a b l e  e x t e n t .
O th e r  t i s s u e s  s u c h  a s  t h e  k id n e y ,  l i v e r ,  s p l e e n ,  h e a r t  and  
l u n g s ,  w ere  now exam ined  a s  a  s o u r c e  o f  a  r e a s o n a b l y  a c t i v e ,  
l i b e r a t o r - s e n s i t i v e  c a t h e p s i n .  T h is  work h ad  t h e  o b v io u s  
d i s a d v a n t a g e  t h a t  t h e  p h a r m c o lo g ic a l  e f f e c t  o f  t h e s e  d ru g s  was 
unknown on m ost o f  t h e s e  o r g a n s ,  b u t  a s  p r o t e o l y t i c  a c t i v i t y  
was so  low  i n  t h e  s k i n  i t  was f e l t  t h a t  o t h e r  t i s s u e s  s h o u ld  be 
t e s t e d .  The k id n e y ,  s p l e e n  and  l i v e r  o f  t h e  r a t  and  g u i n e a - p i g  
t u r n e d  o u t  t o  be  c o n v e n ie n t  s o u r c e s  o f  p r o t e o l y t i c  enzym es. The 
lu n g s  o f  t h e  l a t t e r  s p e c i e s  w ere  a l s o  exam ined b u t  fo u n d  t o  b e  
d e v o id  o f  a c t i v i t y .  P i g .  18 shov/s t h e  r e s u l t s  o b t a in e d  when t h e  
t i s s u e s  w ere  t r e a t e d  i n  t h e  f o l l o w i n g  m an n er:  5 g .  o f  t i s s u e
w ere  ho m o g en ized  i n  25 m l.  o f  0®2N o f  a c e t i c  a c id - s o d iu m  a c e t a t e  
b u f f e r  and  e x t r a c t e d  i n  t h e  c o ld  f o r  tw o h o u r s ;  c o n n e c t iv e  
t i s s u e  was sp u n  down and  t h e  enzyme c o n t a i n i n g  s u p e r n a t a n t  
( 1 2 * 5 mlo ) was t h e n  in c u b a t e d  w i t h  3 m l .  o f  20^  u r e a - d e n a t u r e d  
h a e m o g lo b in .  The c a t h e p s i n s  f ro m  a l l  t h r e e  o rg a n s  p o s s e s s e d  t h e  
same pH optimum a s  t h a t  f ro m  t h e  s k i n  and s i m i l a r l y  showed no 
ch a n g e  i n  a c t i v i t y  i n  t h e  p r e s e n c e  o f  up t o  1 0 0 y/ g /m l .  o f  
p ro p a m id in e  i s e t h i o n a t e *
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D e t e r m in a t i o n  o f  t h e  pH optimum o f  r a t  
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The a c t i v i t y  o f  r a t  s k i n  c a t h e p s i n  w i th  
and  w i th o u t  h i s t a m i n e  l i b e r a t o r .
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S e v e r a l  m onths a f t e r  t h e  p r e v io u s  e x p e r im e n ts  had  b een  
c o m p le te d ,  i t  was fo u n d  t h a t  a  p r o t e o l y t i c  enzyme h a v in g  a  pH 
optimum a t  7*4 h ad  b e e n  i s o l a t e d  from  t h e  s k in  o f  t h e  r a t  
( B e l o f f  and P e t e r s , 1 9 4 6 - 7 ) .  F o r  two r e a s o n s  t h i s  seemed t o  
b e  a  p a r t i c u l a r l y  u s e f u l  sy s te m  on w hich  t o  t e s t  t h e  h i s t a m i n e  
l i b e r a t o r s .  F i r s t l y ,  t h e  i n c u b a t i o n s  would be  a t  n o rm al i n t r a ­
c e l l u l a r  pH, and s e c o n d ly ,  t h e  s o u r c e  o f  t h e  enzyme would be  a  
t i s s u e  knovm t o  b e  p a r t i c u l a r l y  s e n s i t i v e  t o  h i s t a m i n e - l i b e r a t o r s  
i n  t h e  i n t a c t  a n im a l  ( F e ld b e r g  and  T a l e s n i k ,  1 9 5 2 ) .
The t e c h n i q u e s  u se d  i n  t h e  i s o l a t i o n  o f t h e  enzyme were 
p r a c t i c a l l y  i d e n t i c a l  w i th  t h o s e  in  t h e  o r i g i n a l  p a p e r .  The 
s k i n  on t h e  abdomen and c h e s t  o f  young r a t s  was sh a v e d ,  q u ic k ly  
d i s s e c t e d  o f f  and p la c e d  i n  i c e d  w a te r ;  a f t e r  f a t  and m u sc le  
t i s s u e  had  b een  rem oved , t h e  m a t e r i a l  was w eighed  and th e n  f r o z e n  
w i th  g a s e o u s  c a rb o n  d io x id e  on t h e  p l a t f o r m  o f  a  m ic ro to m e; 
s e c t i o n s  40yt/ t h i c k  w ere  c u t  and su sp e n d e d  f o r  an  h o u r  each  i n  
t h r e e  s e p a r a t e  vo lum es o f  i c e - c o l d  a c e to n e .  The t i s s u e  was 
f i n a l l y  d r i e d  o v e r  p h o sp h o ru s  p e n to x id e  i n  a  vacuum d e s s i c a t o r  
k e p t  i n  t h e  r e f r i g e r a t o r .
The enzyme was e x t r a c t e d  from  t h e  d r i e d  t i s s u e  by su sp e n d in g  
i t  f o r  h a l f  an  h o u r  a t  37^0 i n  5^  p o ta s s iu m  c h l o r i d e  c o n t a i n i n g  
0 *21^  sodium  b i c a r b o n a t e ,  w h i le  5^  ca rb o n  d io x id e  i n  oxygen was 
b u b b le d  th r o u g h  t h e  m ix tu r e  t o  k e e p  t h e  pH a t  7*4. I n  t h e i r  
o r i g i n a l  m ethod , B e l o f f  and P e t e r s  c o n t r o l l e d  t h e  pH w i th  a  M/20 
p h o s p h a te  b u f f e r .  T h ese , how ever, w ere u n s u i t a b l e  f o r  t h i s  work
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a s  i t  h a s  b ee n  fo u n d  t h a t  a t  n o rm a l pH v a l u e s ,  s e v e r a l  p o w e rfu l  
h i s t a m i n e  l i b e r a t o r s  r e a c t  w i th  a  v a r i e t y  o f  p h o s p h a te s ,  even 
when b o th  a r e  i n  low c o n c e n t r a t i o n .  F u r t h e r  d e t a i l s  o f  t h i s  
c o m p l i c a t i o n  w i l l  be g iv e n  l a t e r ,  b u t  a s  f a r  a s  t h e s e  e x p e r im e n ts  
w ere  c o n c e rn e d ,  C O ^ -b ic a rb o n a te  b u f f e r s  w ere u s e d  i n  p r e f e r e n c e  
t o  b a r b i t u r a t e  o r  b o r a t e  s y s te m s .  A l l  s o l u t i o n s  c o n ta in e d  0*21^ 
sod ium  b i c a r b o n a t e  ( a s  i n  K r e b s - R in g e r - b i c a r b o n a t e )  and b e f o r e  
u s e  t h e y  w ere  e q u i l i b r a t e d  w i th  5^  CO^ f o r  h a l f  an  h o u r  a t  3 7 ^0 . 
The s u b s t r a t e  was a  s o l u t i o n  o f  c a s e i n ,  p r e p a r e d  a s  i n  B e lo f f  
and  P e te r s *  p a p e r ,  w h i le  p r o t e o l y t i c  a c t i v i t y  was m easu red  by 
P e t e r s  and Van S lyke* s (19 3 2 )  m an o m etr ic  method f o r  amino 
n i t r o g e n .
I n  e a ch  d e t e r m i n a t i o n ,  5 m l. o f  b u f f e r e d  c a s e i n  was 
in c u b a t e d  w i th  5 m l. o f  t h e  enzyme e x t r a c t  f o r  1 h o u r .  F iv e  p e r  
c e n t  c a rb o n  d io x id e  was b u b b le d  th r o u g h  a l l  t h e  t im e  and t h e  
r e a c t i o n  was s to p p e d  by t h e  a d d i t i o n  o f  10 m l. o f  Q.3N t r i c h l o r ­
a c e t i c  a c i d .  The d ru g s  w ere added  t o  t h e  a c t i v e  enzyme a t  ze ro  
t im e ,  and a s  t h e y  c o n t a in e d  a  h ig h  p e r c e n ta g e  o f  amino n i t r o g e n ,  
an  i d e n t i c a l  amount was added  t o  t h e  b la n k s  when t h e  i n i t i a l  
amino n i t r o g e n  v a l u e s  w ere  b e in g  d e te rm in e d .  P r e c i p i t a t e d  
p r o t e i n s  w ere removed by  c e n t r i f u g a t i o n  and 2 m l. o f  t h e  s u p e r ­
n a t a n t  u se d  f o r  t h e  m anom etric  e s t i m a t i o n s  w hich  w ere p e rfo rm e d  
i n  d u p l i c a t e .
The r e s u l t s  a r e  shown i n  t h e  f o l l o w in g  T a b l e : -
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TABLE 6.
I n c u b a t i o n  o f  r a t  s k i n  p r o t e a s e  w i th  c a s e i n  i n  t h e  p r e s e n c e  o f
h i s t a m i n e  l i b e r a t o r s .
E x p e r im e n ta l  c o n d i t i o n s
i n c r e a s e  i n  amino n i t r o g e n  
e x p r e s s e d  a s  mg. amino 
n i t r o g e n / g m . f r e s h  s k i n / h o u r
( a )  C o n t r o l Q.gg
E x p t . l .
(b )  w i th  1 0 ( y /m l .
p ro p a m id in e  i s e t h i o n a t e 1*02
( a )  C o n t r o l 1 -42
E x p to 2 . ( b )  5 0 0 ^ /m l.  Compound 4 8 /8 0 1-38
( c )  lOOJ^/ml. a n t r y c i d e 1*41
A lth o u g h  o n ly  a  s m a l l  num ber o f  m easurem en ts  w ere made, th e y  
show t h a t  enzyme a c t i v a t i o n ,  i f  i t  o c c u r r e d  a t  a l l ,  c o u ld  n o t  be  
d e t e c t e d  by  t h i s  t e c h n i q u e .  The o b v io u s  d is a d v a n ta g e  was t h e  
l e n g t h  o f  t h e  i n c u b a t i o n  t im e ,  f o r  i n  t h e  c o u rs e  o f  an  h o u r ,  an  
i n i t i a l l y  h ig h  r a t e  o f  p r o t e o l y s i s ,  c a u sed  by t h e  d ru g ,  m igh t 
e a s i l y  d e c l i n e  t o  n o rm a l v a l u e s ;  t h e  lo n g  i n c u b a t i o n  p e r io d  
v/ould t h e r e f o r e  t e n d  t o  mask t h e  o r i g i n a l  h ig h  enzymic a c t i v i t y .
The r e a l l y  im p o r ta n t  f a c t o r  t o  be m easured  i s  t h e  r a t e  o f 
p r o t e o l y s i s  im m e d ia te ly  a f t e r  t h e  enzyme h a s  come i n  c o n t a c t  w i th
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t h e  d r u g .  A f t e r  a l l ,  i t  i s  t h e  e x p l o s i v e  natuj?e o f  h i s t a m i n e  
r e l e a s e  which  s u g g e s t s  t h a t  t h i s  o p en in g  p h ase  i s  o f  o u t s t a n d i n g  
i m p o r t a n c e  i n  t h e  r e l e a s e  mechanism compared w i t h  t h e  l o n g  t e rm  
o r  c h r o n i c  e f f e c t s  w h ich  t h e  d ru g s  may t h e n  e x e r t  on o t h e r  
enzyme s y s t e m s .  S h o r t e n i n g  t h e  i n c u b a t i o n  p e r i o d  w ould ,  o f  
c o u r s e ,  h av e  r e q u i r e d  t h e  u s e  o f  h i g h l y  c o n c e n t r a t e d  enzyme 
s o l u t i o n s  i f  m e a s u r a b l e  changes  i n  t h e  amino n i t r o g e n  were t o  be  
o b t a i n e d .  However, t h e  p r e p a r a t i o n , o f  su ch  a  s o l u t i o n  c o u ld  n o t  
be  a t t e m p t e d  a t  t h i s  t im e  and f o r  t h i s  r e a s o n  f u r t h e r  e x p e r im e n ts  
w ere  n o t  c o n t i n u e d .
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EXPERUvIENTAL SECTION
3.  EXPERIMENTS WITH ADENOSINE TRIPHOSPHATASE.
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3.  EXPERIIÆENTS WI TH ADENOSINE TRIPHOSPHATASE.
I n  t h e  I n t r o d u c t i o n  two p o s s i b l e  mechanisms f o r  h i s t a m i n e  
r e l e a s e  were m e n t io n e d ;  f i r s t l y ,  t h e  a c t i v a t i o n  o f  p r o t e o l y t i c  
a c t i v i t y ,  and s e c o n d l y ,  an  i n t e r f e r e n c e  w i t h  t h e  p r o d u c t i o n  and 
u t i l i s a t i o n  o f  m o le c u l e s  c o n t a i n i n g  h i g h  en e rg y  p h o s p h a te  b o n d s .  
The i n c o n c l u s i v e  r e s u l t s  w i t h  t h e  c a t h e p s i n s  r e s u l t e d  i n  
e x p e r i m e n t s  b e i n g  s t a r t e d  t o  t e s t  t h e  t r u t h  o f  t h e  second  
p o s s i b i l i t y .
At t h e  moment t h e r e  i s  an  overw helm ing  amount o f  e v id e n c e  
t o  shovf t h a t  t h e  p r i n c i p a l  s o u r c e  o f  e n e rg y  i n  a l l  t h e  a c t i v i t i e s  
o f  t h e  body  i s  p r o v i d e d  by  h i g h  e n e rg y  p h o s p h a te  b o n d s .  YiThen 
m u s c u l a r  and  s e c r e t o r y  work o r  c h e m ic a l  s y n t h e s i s  i s  p e r fo rm e d ,  
t h e  n e c e s s a r y  e n e rg y  i s  s u p p l i e d  by  t h e  r u p t u r e  o f  t h e s e  h i g h  
e n e rg y  p h o s p h a te  b o n d s .  T h i s  c l e a v a g e  i s  an  e s s e n t i a l  s t e p  i n  
t h e  t r a n s f e r  o f  t h e i r  en e rg y  f rom  t h e  d o n o r  m o le c u le  ( u s u a l l y  
ATP) t o  t h e  e n e r g y - d e f i c i e n t  r e c e p t o r  sy s tem ,  and i s  c a t a l y s e d  
by  t h e  enzyme a d e n o s i n e  t r i p h o s p h a t a s e .  T h is  enzyme t h u s  
o c c u p i e s  an  e x t r e m e l y  i m p o r t a n t  p o s i t i o n  i n  en e rg y  m e ta b o l i s m .
I n  f a c t ,  i n  one o f  t h e  most  a c t i v e  mammalian t i s s u e s ,  s k e l e t a l  
m u s c l e ,  t h i s  enzyme i s  so i n t i m a t e l y  c o n n e c te d  w i t h  i t s  en e rg y ­
consum ing  a c t i v i t y  t h a t  i t  i s  v i r t u a l l y  i m p o s s i b l e  t o  s e p a r a t e  
i t  f rom  m yos in ,  t h e  c o n t r a c t i l e  p r o t e i n  o f  t h e  m u sc le s  
( E n g e l h a r d t  and Lyubimova, 1 9 3 9 ) .  Now, s h o u ld  h i s t a m i n e  r e l e a s e  
i n v o l v e  an  i n t e r f e r e n c e  w i t h  e n e rg y  u t i l i s a t i o n ,  i t  seemed
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p o s s i b l e  t h a t  one p o i n t  o f  a t t a c k  m ig h t  be  t h i s  enzyme. The 
e f f e c t  o f  p ro p a m id in e  i s e t h i o n a t e  was t h e r e f o r e  t e s t e d  on t h i s  
s y s t e m ,  whose a c t i v i t y  was m easu red  by t h e  method o f  P o t t e r  and 
D ubois  ( 1 9 4 3 ) .
A denos ine  t r i p h o s p h a t e  was i s o l a t e d  f rom  r a b b i t  s k e l e t a l  
m u s c le  by Needham* s p r o c e d u r e  (1942)  and s t o r e d  <18 t h e  b a r iu m  
s a l t ;  when a  s o l u t i o n  o f  sodium ATP was r e q u i r e d ,  t h e  b a r iu m  
s a l t  was t r e a t e d  w i t h  sodium s u l p h a t e  by Mcllwain* s method (1951)  
I n  l a t e r  e x p e r i m e n t s  a d e n o s i n e  t r i p h o s p h o r i c  a c i d  p u rc h a s e d  f rom  
L ig h t  & Go. was u s e d ;  sodium b i c a r b o n a t e  (0.2M) was added d r o p -  
v / ise  t o  a  s o l u t i o n  o f  t h e  n u c l e o t i d e  u n t i l  i t s  pH, m easured  vfith  
a  g l a s s  e l e c t r o d e ,  r e a c h e d  7*5.  G u i n e a - p i g  o rg an s  su c h  a s  t h e  
l u n g s ,  k id n e y  o r  l i v e r  were  hom ogenized  i n  i c e - c o l d  d i s t i l l e d  
w a t e r  t o  e x t r a c t  t h e  ATPase, c o n n e c t i v e  t i s s u e  was removed and 
t h e  pH o f  t h e  s u s p e n s i o n  a d j u s t e d  t o  7* 5. I n  a  t y p i c a l  
e x p e r im e n t  t h e  f o l l o w i n g  m i x t u r e  was i n c u b a t e d  a t  37*^0 and s lo w ly  
r o c k e d  i n  t h e  Warburg b a t h : -
0*02M 8odium-ATP 1 ml.
enzyme e x t r a c t  1 m l.
0*111 B a r b i t u r a t e  b u f f e r  pH 7*5 1 iiil.
Q.Q2M C a lc ium  c h l o r i d e  0*5 ml.
w a t e r  o r  s o l u t i o n  o f  d ru g  0*1 ml.
( f i n a l  c o n c e n t r a t i o n  o f  sod ium  ATP a p p r o x im a t e l y  0*012I)Æ)
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T h ree  m i x t u r e s  v^ere u s e d  i n  each  d e t e r m i n a t i o n ;  t h e  f i r s t  
c o n t a i n e d  t h e  enzyme, s u b s t r a t e  and d ru g ;  t h e  s e c o n d , t h e  enzyme 
and  s u b s t r a t e  a l o n e ;  t h e  t h i r d ,  b o i l e d  enzyme, s u b s t r a t e  and  j 
d r u g .  At r e g u l a r  i n t e r v a l s ,  u s u a l l y  t o  5 m i n u t e s ,  1 m l .  o f  
t h e  i n c u b a t e  was p l a c e d  i n  5 m l .  o f  i c e - c o l d  8^ t r i c h l o r a c e t i c  
a c i d ,  t h e  p r o t e i n  p r e c i p i t a t e  removed and t h e  s u p e r n a t a n t  u s e d  
f o r  t h e  e s t i m a t i o n  o f  t h e  i n o r g a n i c  p h o sp h o ru s  by  K in g ’ s method 
( 1 9 3 2 ) .  The r e s u l t  o f  a  t y p i c a l  e x p e r im e n t  i s  shown i n  F i g .  19A. 
From t h e  v e r y  s t a r t  o f  t h e  i n c u b a t i o n  one of  t h e  f l a s k s  c o n t a i n e d  
80 j j g / m l .  o f  p ro p a m id in e  i s e t h i o n a t e .  As can  be s e e n ,  t h e r e  i s  
v e r y  l i t t l e  d i f f e r e n c e  b e tw een  t h e  amount o f  pho sp h o ru s  l i b e r a t e d  
i n  t h e  p r e s e n c e  and  a b s e n c e  o f  t h e  d r u g .  I n  F ig .  19B t h e  d ru g  
was added  t e n  m in u t e s  a f t e r  t h e  i n c u b a t i o n  commenced, g i v i n g  a  
c o n c e n t r a t i o n  o f  5 mg/ml.  The i n c u b a t i o n  m i x t u r e  was p r e p a r e d  i n  
d o u b le  volume and t h e n  d i v i d e d  b e f o r e  t h e  d ru g  was added ,  b u t  a s  
ca n  be s e e n ,  t h e  c o n c e n t r a t i o n  o f  i n o r g a n i c  p h o s p h a te  i n  t u b e  2 
(enzyme a l o n e )  s l i g h t l y  ex c eed ed  t h a t  i n  t u b e  1 (enzyme + d r u g ) .  
The d i f f e r e n c e  b e tw e e n  t h e  two c u r v e s  i n  b o t h  F i g s . 1 9 . A & B i s  
so s l i g h t  t h a t  i t  i s  e v i d e n t  t h a t  t h e  d rug  i s  h a v in g  h a r d l y  any 
e f f e c t .
The mechanism o f  h i s t a m i n e - r e l e a s e  s u g g e s t e d  i n  t h e  I n t r o ­
d u c t i o n  i m p l i e d  t h a t  t h e  a c t i v i t y  o f  ATPase would be d im in i s h e d  
r a t h e r  a b r u p t l y  by  l i b e r a t o r  d r u g s .  The two e x p e r im e n t s  j u s t  
d e s c r i b e d  d i d  n o t ,  o f  c o u r s e ,  g i v e  any s u p p o r t  t o  t h i s  i d e a  and
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a t  f i r s t  s i g h t  a p p e a r e d  t o  d i s p o s e  o f  t h i s  h y p o t h e s i s  completely©
Hov/ever, i t  must be  remembered t h a t  i n  t h e s e  p r e p a r a t i o n s  t h e
d ru g  i s  w ork ing  u n d e r  v e r y  a d v e r s e  c o n d i t i o n s ,  even th o u g h  i t s
c o n c e n t r a t i o n  i s  f a r  h i g h e r  t h a n  t h a t  n eeded  t o  c a u s e  h i s t a m i n e
r e l e a s e  i n  i n t a c t  t i s s u e s .  One p o s s i b l e  r e a s o n  f o r  i t s  l a c k  o f
e f f e c t  i s  t h e  p r e s e n c e  o f  an  enormous e x c e s s  o f  t h e  s u b s t r a t e .
Assuming t h a t  t h e  d ru g s  a c t  by  com bin ing  w i t h  t h e  a c t i v e  s i t e s  of
t h e  enzyme, t h e n  t h e  chan ce  o f  s u c h  a  m o le c u le  r e a c h i n g  one of
them  would be c o n s i d e r a b l y  r e d u c e d  by  an e x c e s s  o f  ATP. Even i n
t h e  most a c t i v e  t i s s u e s  t h e  c o n c e n t r a t i o n  o f  a d e n in e  n u c l e o t i d e s
ai s  e x t r e m e l y  low, a  s t a t e  o f  a f j ^ i r s  which  p r o b a b ly  h e l p s  t o  
c o n t r o l  t h e  a c t i v i t y  o f  ATP-ase q u i t e  a p a r t  f rom t h e  i n h i b i t o r y  
e f f e c t  w h ich  ADP h a s  on t h i s  enzyme. Hence,  t i s s u e s  i n  which  |
p h o s p h a te  e s t é r i f i c a t i o n  o c c u r s  a t  a  v e r y  lov/ r a t e  would n o t  o n ly   ^
h av e  a  low c o n c e n t r a t i o n  o f  t h e  a d e n in e  n u c l e o t i d e s  b u t  a l s o  a  
r e l a t i v e l y  s m a l l  p r o p o r t i o n  o f  them  i n  t h e  fo rm  o f  ATP. T h is  
s t a t e  o f  a f f a i r s  would be e x p e c t e d  t o  o c c u r  i n  o rg an s  p a r t i c u l a r l y  ! 
r i c h  i n  c o n n e c t i v e  t i s s u e  s t ro m a  su c h  a s  t h e  l u n g s , s k i n  and 
m u s c l e s .  I n  t h e s e  o rg a n s  i t  m igh t  t h e r e f o r e  be  p o s s i b l e  f o r  a  
v e r y  s m a l l  amount o f  t h e  d ru g  t o  compete s u c c e s s f u l l y  w i th  t h e  
n a t u r a l  s u b s t r a t e  and so c o m p l e t e l y  d i s r u p t  enzymic a c t i v i t y .
W ith  t h i s  p o s s i b i l i t y  i n  mind, f u r t h e r  t e s t s  were pe r fo rm ed  
i n  w h ich  t h e  c o n c e n t r a t i o n  o f  sodium-ATP was c o n s i d e r a b l y  r e d u c e d < 
F o r  exam ple ,  3 g .  o f  g u i n e a - p i g  l u n g ,  d i s p e r s e d  i n  150 ml.  were 
u s e d  i n  t h e  f o l l o w i n g  p r e p a r a t i o n .
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0*02M sodium-ATP 6 m l.
enzyme s o l u t i o n  6 ml.
0*1111 b a r b i t u r a t e  b u f f e r  pH 7^5 2 m l.
O0 O2II c a l c i u m  c h l o r i d e  1 m l.
( f i n a l  c o n c e n t r a t i o n  o f  sodium-ATP a p p r o x i m a t e l y  0*008M)
The m i x t u r e  was d i v i d e d  b e tw een  two f l a s k s  and sam ples  removed 
e v e ry  f i v e  m i n u t e s ;  t h e  d ru g  was added  t o  one o f  t h e  f l a s k s  a f t e r  
w i th d r a w in g  t h e  t e n - m i n u t e  s am p le ,  i t s  f i n a l  c o n c e n t r a t i o n  b e i n g  
700  mg/ml.  The a b s e n c e  o f  any  e f f e c t  even u n d e r  t h e s e  c o n d i t i o n s  
i s  shown i n  P i g .  20A.
A l th o u g h  t h e s e  e x p e r i m e n t s  gave  n e g a t i v e  r e s u l t s ,  a n o t h e r  
s e r i e s  o f  t e s t s  w ere  made u s i n g  m a s s iv e  d o se s  of  t h e  d ru g .  An 
e x t r a c t  o f  r a t  s k i n  was f i r s t  t r i e d  b u t  i t  showed no a c t i v i t y  a t  
a l l ,  p r o b a b l y  b e c a u s e  an  i n s u f f i c i e n t  number o f  c e l l s  had b een  
r u p t u r e d  d u r i n g  m in c in g .  G u i n e a - p i g  lu n g  was a g a i n  u se d  a s  t h e  
s o u r c e  o f  t h e  enzyme and t h e  f o l l o w i n g  f l u i d s  p r e p a r e d : -
Tube No. p r o p ,  i s e t h i o n a t e
1
a l l  Na ATP -  5 ml.
2 5
^ ^ t u b e s  0*117M ,barb i tu ra te  b u f f e r  -  1 ml.
c o n t a i n  0*0217Mcalcium c h l o r i d e  -  *5 ml.
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t h e  f i n a l  c o n c e n t r a t i o n  o f  Na ATP b e i n g  0»008M. The m i x t u r e s  were 
warmed f o r  t e n  m i n u t e s ,  1*5 m l .  o f  enzyme p r e p a r a t i o n  added and
74.
sam p les  removed a t  2 i  m in u te  i n t e r v a l s .  The r e s u l t s ,  which  
show a  c o n s i d e r a b l e  r e d u c t i o n  i n  enzyme a c t i v i t y ,  a r e  g i v e n  i n  
P i g .  20B.
D u r in g  t h e s e  e x p e r im e n t s  w i t h  p ro p am id in e  i s e t h i o n a t e  and 
A TP-ase ,  i t  was f r e q u e n t l y  n o t i c e d  t h a t  a  f a i n t ,  v /h i te  
p r e c i p i t a t e  a p p e a r e d  when t h e  d ru g  was added t o  t h e  i n c u b a t i o n  
m i x t u r e .  A l th o u g h ,  on s h a k i n g , t h e  p r e c i p i t a t e  o f t e n  d i s s o l v e d ,  
i t  was o b v i o u s l y  i m p o r t a n t  t o  i d e n t i f y  t h e  s u b s t a n c e s  r e s p o n s i b l e  
f o r  t h i s  e f f e c t  s i n c e  an  unknown p r o p o r t i o n  o f  t h e  d ru g  was 
p r o b a b l y  b e i n g  removed f rom  t h e  s o l u t i o n .  A l t e r a t i o n  o f  t h e  pH 
on m ix in g  c o u ld  n o t  be  t h e  c a u s e  o f  t h e  p r e c i p i t a t i o n  s i n c e  t h e  
p ro p a m id in e  s o l u t i o n s  were  a lw ay s  a d j u s t e d  b e f o r e  b e i n g  mixed 
w i t h  t h e  enzyme. T e s t  were  t h e r e f o r e  p e r fo rm ed  on c o m b in a t io n s  
o f  t h e  v a r i o u s  com ponents  i n  t h e  i n c u b a t i o n  f l u i d .  No r e a c t i o n  
o c c u r r e d  b e tw een  s o l u t i o n s  o f  t h e  d ru g  and t h o s e  o f  c a lc iu m  
c h l o r i d e  and sodium  b a r b i t u r a t e ,  b u t  when added t o  Na-ATP a t  pH 
7*4, a  c o p i o u s ,  s t a b l e ,  v /h i te  p r e c i p i t a t e  a p p e a r e d .  T h is  r e s u l t  
m ig h t  h av e  b ee n  due t o  c o n t a m i n a n t s  i n  t h e  n u c l e o t i d e  such  a s  
o t h e r  o r g a n i c  and i n o r g a n i c  p h o s p h a t e s .  T h e i r  a c t i v i t y ,  and t h a t  
o f  p u re  ATP, was t h e r e f o r e  examined a s  w e l l .  The r e s u l t s  a r e  
shown i n  T a b le  7; t h e  w e ig h t  o f  t h e  t e s t e d  s u b s t a n c e ,  which  was 
s u sp e n d e d  i n  2 m l .  o f  b a r b i t u r a t e  b u f f e r  a t  pH 7*4, i s
shovm: 1 mg. o f  p ro p a m id in e  i s e t h i o n a t e ,  a l s o  i n  t h e  b u f f e r ,  v/as
added  and t h e  e f f e c t  n o t e d .
L , : '
PIG. 19A.
E f f e c t  o f  u r o p a m id in e  i s e t h i o n a t e  
(80  / / g . m l . )  on a d e n o s i n e  t r i p h o s p h a t a s e  
f ro m  g u i n e a - p i g  k i d n e y .  C o n c e n t r a t i o n  
o f  Na ATP -  0 .0 1 2  M.
1 -  enzyme + d ru g .
2 -  enzyme a l o n e .
3 -  b o i l e d  enzyme + d r u g .
PIG. 19B.
A d en o s in e  t r i p h o s p h a t a s e  a c t i v i t y  i n  
g u i n e a - p i g  l u n g  h o m o g e n a te s .  A d d i t i o n  
o f  p r o p a m id i n e  i s e t h i o n a t e  (5  m g .m l . )  
a t  a r ro w .  Curve  n u m b e r in g  a s  i n  A.
PIG. 20A.
G u i n e a - p i g  l u n g  a d e n o s i n e  t r i p h o s p h a t a s e ;  
d i l u t e d  enzyme. C o n c e n t r a t i o n  o f  Na ATP -  
0 .0 0 8  M. P r o p a m id in e  i s e t h i o n a t e  added  a t  
t h e  a r r o w  t o  g i v e  700 g . m l .
1 -  enzyme a l o n e .
2 -  enzyme + d ru g  ( 0 . 0 0 1 2  M)
PIG. 20B.
G u i n e a - p i g  l u n g  a d e n o s i n e  t r i p h o s p h a t a s e ;  
enzyme d i l u t e d .  Na ATP -  0 .0 0 8  M w i t h  t h e  
f o l l o w i n g  d ru g  c o n c e n t r a t i o n s .
1 enzyme a l o n e .
2
%
5 m g.m l .  p r o p a m id i n e  i s e t h i o n a t e  ( 0 . 0 0 8  M)
_ 9 -  ” " •'
18 " " " ( 0 . 0 3 2  M)
20
Mins.
FIG .20A
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M ins.
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O p h e a l
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TABLE 7e
S u b s t a n c e  W eight  R e s u l t
sod ium  p y r o p h o s p h a t e  100 mg. p r e c i p i t a t e  w h ich  p e r s i s t s
d i s o d i u m  h y d ro g e n  p h o s p h a t e  100 p r e c i p i t a t e  a p p e a r s ;
t h e n  d i s s o l v e s  
p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e  100 no p r e c i p i t a t e
so d iu m  g l y c e r o p h o s p h a t e  100 p r e c i p i t a t e  w h ich  p e r s i s t s
g l u c o s e  -  1 -  p h o s p h a t e  75 ” " "
f r u c t o s e  1 -6  d i p h o s p h a t e  40 " "
T h i s  p r e c i p i t a t i n g  e f f e c t  c o u l d ,  o f  c o u r s e ,  h av e  b e e n  due t o  t h e  ; 
i s e t h i o n a t e  p a r t  o f  t h e  d r u g  r a t h e r  t h a n  t h e  h i s t a m i n e  l i b e r a t i n g  
p r o p a m id i n e  p o r t i o n ,  b u t  t h i s  p o s s i b i l i t y  was e x c lu d e d  i n  two 
ways
( i )  t h e  p r e c i p i t a t e s  w ere  c o l l e c t e d ,  c a r e f u l l y  washed and 
f u s e d  w i t h  sod ium ; no s u l p h u r  c o u ld  be  d e t e c t e d  i n  
t h e  m e l t .
( i i )  o t h e r  h i s t a m i n e - l i b e r a t o r s  n o t  p o s s e s s i n g  an
i s e t h i o n a t e  r a d i c l e  w ere  exam ined .  Compound 4 8 /8 0  
and  a n t r y c i d e ,  b o t h ,  l i k e  p r o p a m id i n e ,  v e r y  p o w e r f u l  
r e l e a s e r s ,  a l s o  r e a c t e d  w i t h  ATP and t h e  o t h e r  
p h o s p h a t e s .  A r e l a t i v e l y  v/eak l i b e r a t o r ,  t h e  
a l k a l o i d  t h e b o i n e ,  d i d  n o t  hov/ever.
The f a c t  t h a t  p r o p a m id i n e  i s e t h i o n a t e  r e a c t s  v / i t h  sodium
p y r o p h o s p h a t e  was shown a l s o  by  a  pH t i t r a t i o n  c u r v e .  Sodium
76.
p y r o p h o s p h a t e  (50  m g .)  was d i s s o l v e d  i n  a  f i n a l  volum e o f  20 ml.  
t o  g i v e  an  0 * 0 0 5M s o l u t i o n .  T h i s  was a d d e d ,  0*1 m is .  a t  a  t i m e ,  
t o  10 m l.  o f  d i s t i l l e d  w a t e r  and  t h e  pH m e asu red  a f t e r  m ix i n g .
The r e s u l t  i s  shovm i n  F i g .  21, c u rv e  A. An i d e n t i c a l  volume o f  
0*007M p r o p a m id i n e  i s e t h i o n a t e  was s i m i l a r l y  t r e a t e d  ( c u r v e  B) 
w h ich  shov/s t h a t  a  • ' h u f f e r i n g "  a c t i o n  to o k  p l a c e  d u r i n g  t h e  
i n i t i a l  p h a s e  o f  t h e  t i t r a t i o n .  E v e n t u a l l y  t h e  two c u r v e s  became 
p a r a l l e l ,  show ing  t h a t  t h i s  a c t i o n  had  c e a s e d .  A d i s t i n c t  
p r e c i p i t a t e  a p p e a r e d  by  t h e  t i m e  0*4 m l .  o f  p y r o p h o s p h a te  h ad  
b e e n  a d d e d ,  b u t  t h e  s h a p e  o f  c u r v e  B shows t h a t  b e f o r e  t h i s  
became v i s i b l e ,  a  r e a c t i o n  h ad  o c c u r r e d  b e tw e e n  t h e  two s u b s t a n c e s ,  
One o f  t h e  m os t  c o n v e n i e n t  m e th o d s  o f  d e t e c t i n g  a  c h e m ic a l  
r e a c t i o n  i s  t o  exam ine  t h e  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  o f  t h e  
s u p p o s e d  r e a c t a n t s  b e f o r e  and a f t e r  t h e y  a r e  b r o u g h t  t o g e t h e r *
T h i s  t e c h n i q u e  i s  o f  g r e a t e s t  v a l u e  when t h e  r e g i o n s  o f  a b s o r p t i o n  
maxima i n  t h e  s p e c t r a  o f  t h e  com ponen ts  a r e  w i d e l y  d i f f e r e n t ;  
u n f o r t u n a t e l y  t h o s e  o f  p r o p a m id i n e  i s e t h i o n a t e  and ATP a r e  
p r a c t i c a l l y  i d e n t i c a l  ( s e e  F i g .  2 2 ) .  I n  s p i t e  o f  t h i s  
c o m p l i c a t i o n ,  t h e  s p e c t r a  o f  t h e s e  two s u b s t a n c e s  were  examined 
b e f o r e  and a f t e r  t h e y  w ere  m ix e d .  A l l  t h e  s o l u t i o n s  were  
c e n t r i f u g e d  b e f o r e  and  a f t e r  m ix i n g  a t  5000 r . p . m .  f o r  h a l f  an  
h o u r  t o  remove an y  f i n e  p r e c i p i t a t e s .  No i n d i c a t i o n  o f  a  r e a c t i o n  
was o b t a i n e d  h o w e v e r ,  f o r  t h e  o p t i c a l  d e n s i t y  o f  t h e  m i x t u r e  
e q u a l l e d  t h e  sum o f  t h e  i n d i v i d u a l  com ponents  a t  t h e  same 
c o n c e n t r a t i o n .  I n c r e a s i n g  t h e i r  c o n c e n t r a t i o n s  t o  s u c h  an  e x t e n t
F i a .  21.
R e a c t i o n  b e tw e e n  p ro p a m id in e  i s e t h i o n a t e  and 
sod ium  p y r o p h o s p h a t e .
A -  10 m l .  w a t e r  w h ich  was t i t r a t e d  w i t h  
0 .0 0 5  M sod ium  p y r o p h o s p h a t e .
B -  10 m l.  o f  0 .0 0 6 6  M p ro p a m id in e  
i s e t h i o n a t e  w h ich  was s i m i l a r l y  
t i t r a t e d .
The a r ro w  shows t h e  p o i n t  a t  w h ich  a  d i s t i n c t  
p r e c i p i t a t e  was f i r s t  s e e n  d u r i n g  t h e  s e c o n d  
t i t r a t i o n .
F i g .  22,
U l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  o f  0 .0 0 0 0 3 3  M 
p r o p a m id i n e  i s e t h i o n a t e  ( c u r v e  l )  and  o f  
14 JJg/ml. o f  Na ATP ( c u r v e  2) t o  show t h a t  
t h e i r  a b s o r p t i o n  maxima and m inim a c o r r e s p o n d -  
f o r  a l l  p r a c t i c a l  p u r p o s e s .
F I G .  ZI ,
lo
M i s .  o f  
A/a. p ^ro ^J to sp / fo /e .
FIG.2Z
zoo
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t h a t  a  p r e c i p i t a t e  was fo rm ed  g av e  s o l u t i o n s  o f  s u c h  h i g h  o p t i c a l  
d e n s i t y  t h a t  a  c o n s i d e r a b l e  d i l u t i o n  had  t o  be  made b e f o r e  any  
m e a s u re m e n ts  w ere  p o s s i b l e .
F o r  c o n v e n i e n c e ,  t h e  e x p e r i m e n t s  were  c o n t i n u e d  w i t h  sod ium  
t r i p h o s p h a t e  i n s t e a d  o f  ATP. T h i s  s u b s t a n c e  was c h o s en  a s  i t  
v i r t u a l l y  l a c k s  a n  a b s o r p t i o n  s p e c t r u m  i n  t h e  u l t r a - v i o l e t  y e t  
i s  so s i m i l a r  t o  ATP f ro m  a  p h y s i o l o g i c a l  p o i n t  o f  v iew  t h a t  i t  
c o m p e t i t i v e l y  i n h i b i t s  ATP-ase  i n  v e r y  low c o n c e n t r a t i o n  
( E n g e l h a r d t ,  1 9 4 6 ) .  By u s i n g  t h i s  r e a g e n t  i t  was hoped  t h a t  t h e  
minimum c o n c e n t r a t i o n  a t  w h ich  a  t r i p h o s p h a t e  would r e a c t  w i t h  a  
h i s t a m i n e  l i b e r a t o r  c o u l d  be  d e t e r m i n e d  i n  v i t r o .  I t  would t h e n  
be  p o s s i b l e  t o  d e c i d e  w h e t h e r  o r  n o t  s u c h  a  r e a c t i o n  m igh t  
c o n c e i v a b l y  o c c u r  i n  v i v o  v/hen a  m in u t e  dose  of '  t h e  l i b e r a t o r  i s  
a d m i n i s t e r e d  t o  a n  i n t a c t  a n i m a l .
The s p e c t r a  i n  F i g s .  23A & B and  24A show t h e  e f f e c t  o f  
i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  sod ium  t r i p h o s p h a t e  i n  t h e  
p r e s e n c e  o f  a  c o n s t a n t  amount o f  p ro p a m id i n e  i s e t h i o n a t e  (1*6 x 
10 ^M). The g r a d u a l  r e m o v a l  o f  t h e  d ru g  f rom  t h e  s o l u t i o n  c o u ld  
h a v e  b e e n  due t o  two p r o c e s s e s :  ( i )  t h e  f o r m a t i o n  o f  an  i n s o l u b l e
com plex  w i t h  t r i p h o s p h a t e ,  f o l l o w e d  by  ( i i )  t h e  a d s o r p t i o n  o f  t h e  
s o l u b l e  d r u g  on—t o  t h e  p r e c i p i t a t e  once  i t  had b ee n  fo rm e d .  To 
s e e  w h e t h e r  o r  n o t  t h i s  o c c u r r e d ,  t h e  p ro p a m id in e  c o n c e n t r a t i o n  
was i n c r e a s e d  t o  1 x 1 0 " so t h a t  t h e  t u r b i d i t y  o f  t h e  m i x t u r e s  
came w i t h i n  t h e  r a n g e  o f  t h e  Spelcker a b s o r p t i o m e t e r .  A f t e r  
m ak ing  t h i s  m e a s u re m e n t ,  e a ch  p r e p a r a t i o n  was c e n t r i f u g e d  a t
PIG. 23 A.
E v id e n c e  f o r  a  r e a c t i o n  b e tw e e n  p r o p a m id in e  
i s e t h i o n a t e  and sod ium  t r i p h o s p h a t e .  N o te  t h e  
g r a d u a l  r e J j ^ t i o n  i n  a b s o r p t i o n  w i t h  an  i n c r e a s e  
i n  t h e  c o n c e n t r a t i o n  o f  t h e  t r i p h o s p h a t e .
Curve No
1
2
3
4
C one . o f  p r o p a m id in e  
i s e t h i o n a t e
0 .0 0 0 0 1 6  M
It
It
ti
C o n e .o f  sod ium  
t r i p h o s p h a t e
0 .0 0 0 1  M 
0.0002 M 
0 .0 0 0 3  M
PIG. 23B.
Shows an  e n l a r g e d  p o r t i o n  o f  P i g .  23A. By means 
o f  a  c a l i b r a t i o n  c u r v e  ( P i g .  24B) i t  c a n  be shown 
t h a t  0 .0 0 0 1  M sod ium  t r i p h o s p h a t e  r e d u c e s  t h e  
c o n c e n t r a t i o n  o f  0 .0 0 0 0 1 6  Ivl p r o p a m id in e  t o  
0 .0 0 0 0 1 3  M.
PIG. 24A.
A d d i t i o n  o f  sod ium  t r i p h o s p h a t e  t o  p r o p a m id i n e  
i s e t h i o n a t e .
Curve  No.
1
6
17
20
C o n e .o f  p r o p a m id in e  
i s e t h i o n a t e
0 .0 0 0 1  MIf
It
0
C o n e .o f  sod ium  
t r i p h o s p h a t e
0
0.0006 M 
' 0 .0 0 3  M 
0 .0 0 2 5  M. a l o n e
PIG. 24B.
C a l i b r a t i o n  o f  p r o p a m id i n e  i s e t h i o n a t e  a t  260 m^ 
v o l . p r o p . i s e t h .  c o n c . o f  d ru g
. 5 .()()()C)3 3 IK
  —  1 . 0  . 0 0 0 0 6 6  M
1 . 5  ,0 0 0 1  M
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5000 r . p . m .  and t h e  u l t r a - v i o l e t  d e n s i t y  o f  t h e  c l e a r  s u p e r n a t a n t  
f l u i d s  was d e t e r m i n e d .  The r e s u l t s  a r e  shov/n i n  F i g s .  240 & 1 .
The s i m i l a r i t y  o f  t h e  s h a p e  o f  t h e  two c u r v e s  i n d i c a t e s  t h a t  
t h e  r e d u c t i o n  i n  u l t r a - v i o l e t  d e n s i t y  ( P i g .  240) i s  p a r a l l e l e d  by  
an  i n c r e a s e  i n  t u r b i d i t y  ( F i g .  24D) o f  t h e  s u s p e n s i o n .  Hence 
more o f  t h e  i n s o l u b l e  com plex  i s  b e i n g  form ed b e tw e e n  t r i p h o s p h a t e  
and  t h e  d r u g ,  y e t  t h e  l a t t e r  i s  n o t  a b s o r b e d  t o  any  g r e a t  e x t e n t  
on—t o  t h e  p r e c i p i t a t e .  F i g .  25 shows a  f u r t h e r  p o i n t  o f  i n t e r e s t  
w h ic h  was n o t  r e v e a l e d  by  t h e  t u r b i d i m e t r i c  r e s u l t s ,  nam ely  t h a t  
a b o v e  a  c e r t a i n  c r i t i c a l  c o n c e n t r a t i o n  o f  t h e  t r i p h o s p h a t e ,  t h e  
u l t r a - v i o l e t  a b s o r p t i o n  r e a d i n g  s t a r t s  t o  r i s e ,  shov/ing t h a t  
d i s s o c i a t i o n  o f  t h e  com plex  i s  t a k i n g  p l a c e .
The d i s s o c i a t i o n  o f  t h e  p r e c i p i t a t e  c o u l d  n o t  be  due t o  pH 
c h a n g e s  a r i s i n g  f ro m  t h e  u s e  o f  l a r g e  am ounts  o f  sodium 
t r i p h o s p h a t e .  T h i s  was a s s u m e d  by  k e e p i n g  t h e  pH o f  a l l  
s o l u t i o n s  t o  t h e  r a n g e  7*5 -  0*2 and  c h e c k in g  w i t h  a  g l a s s  
e l e c t r o d e .  E v e ry  p r e p a r a t i o n  c o n t a i n e d  0*02IvI b o r a t e  b u f f e r  (pH 
7*6)  so  a s  t o  f a c i l i t a t e  s u b s e q u e n t  pH a d j u s t m e n t s  w i t h  d i l u t e  
h y d r o c h l o r i c  a c i d  o r  sod ium  h y d r o x i d e .  The rem o v a l  o f  t h e  
p r e c i p i t a t e  by  c e n t r i f u g a t i o n  a t  5000 r . p . m .  f o r  h a l f  an  h o u r  
n o t i c e a b l y  warmed t h e  s o l u t i o n s  w h ich  were  t h e r e f o r e  c o o l e d  t o  
20^0 b e f o r e  s p e c t r u m  r e a d i n g s  w ere  made.
The r e a c t i o n  j u s t  d e s c r i b e d  f o r  p ro p a m id in e  i s e t h i o n a t e  and 
sod ium  t r i p h o s p h a t e  was a l s o  o b t a i n e d  w i t h  two o t h e r  p o w e r f u l  
h i s t a m i n e - l i b e r a t o r s , Compound 4 8 /8 0  and  a n t r y c i d e .
FIG. 240.
P r e c i p i t a t i o n  o f  p r o p a m id in e  i s e t h i o n a t e  by  
sod ium  t r i p h o s p h a t e .  An 0 .0 0 0 1  M s o l u t i o n  o f  
t h e  d ru g  was t r e a t e d  w i t h  t h e  f o l l o w i n g  vo lum es  
o f  sod ium  t r i p h o s p h a t e .
V o l .  o f  Na 
t r i p h o s p h a t e
0 . 1  m l .  
0 . 3  
0 . 6  
1.0 
1.6 
3 . 0
M o l a r i t y  o f  
Na t r i p h o s p h a t e
0 .0 0 0 1  M 
0 .0 0 0 3  
0 .0 0 0 6  
0.0010  
0.0016  
0 .0 0 3 0
io o f  p ro p a m id i n e  
removed f rom  
s o l u t i o n
13
37
69
75
83
79
FIG. 241).
T u r b i d i m e t r i c  m e a su rem e n ts  on S p e k k ë r  u s i n g  
p r o p a m id i n e  i s e t h i o n a t e  ( 0 .0 0 0 1  M) and sod ium  
t r i p h o s p h a t e .
V o l .  o f  Na 
t r i p h o s p h a t e
0 . 3  m l .
0 . 6  
1.0 
3 .0
f i n a l  c o n c . o f  
Na t r i p h o s p h a t e
0 .0 0 0 3  M 
0.0006  
0 .0 0 1 0  
0.0030
FIG. 25.
The r e a c t i o n  b e tw e e n  p r o p a m id in e  i s e t h i o n a t e  
and  sod ium  t r i p h o s p h a t e .  E v id e n c e  f o r  t h e  
d i s r u p t i o n  o f  t h e  p r e c i p i t a t e  when t h e  
c o n c e n t r a t i o n  o f  t h e  t r i p h o s p h a t e  r i s e s .
Tube No. C o n e .o f  p r o p a m id in e
1
5
7
0 .0 0 0 0 1 6  M
ft
C o n e .o f  sod ium  
t r i p h o s p h a t e
0
0 .0 0 0 2 5  M 
0 .0 0 0 3 3  M
I n i t i a l l y ,  t h e  a d d i t i o n  o f  sod ium  t r i p h o s p h a t e  
g r a d u a l l y  r e d u c e d  t h e  a b s o r p t i o n  r e a d i n g s ,  b u t  
beyond  a  c e r t a i n  c r i t i c a l  c o n c e n t r a t i o n ,  a  r i s e  
^___^^%curred. The r i s e  i n  c u r v e  7 b e tw e e n  220 my 
and  280 my c a n n o t  b e  e x p l a i n e d .
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T y p i c a l  r e s u l t s  w i t h  u l t r a - v i o l e t  a b s o r p t i o n  m e asu rem e n ts  
a r e  shown i n  P i g s . 26 and 27. A weak h i s t a m i n e  l i b e r a t o r ,  
t h e b a i n e ,  a p p a r e n t l y  d i d  n o t  p a r t i c i p a t e  i n  a  r e a c t i o n  w i t h  
e i t h e r  i n o r g a n i c  t r i p h o s p h a t e  o r  ATP u n d e r  t h e s e  e x p e r i m e n t a l  
c o n d i t i o n s .
The u s e  o f  u l t r a - v i o l e t  a b s o r p t i o n  m e asu rem e n ts  showed t h a t ,  
even  i n  low c o n c e n t r a t i o n ,  t h r e e  p o v /e r fu l  h i s t a m i n e - l i b e r a t  o r s  
r e a c t e d  w i t h  sod ium  t r i p h o s p h a t e .  E v id en c e  was a l s o  o b t a i n e d  
t h a t  t h e s e  d r u g s  com bined w i t h  b i o l o g i c a l l y  i m p o r t a n t  m a t e r i a l s  
s u c h  a s  a d e n o s i n e  t r i p h o s p h a t e .  I t  was d e c i d e d  t o  s e e  w h e th e r  
t h i s  s u b s t a n c e  c o u l d  a n n u l  o r  d e c r e a s e  t h e  e f f e c t  o f  t h e  
l i b e r a t o r s  i f  i t  was m ixed  w i t h  th em  b e f o r e  t h e y  were i n j e c t e d  
i n t o  t h e  c i r c u l a t i o n  o f  a  c a t .  I n  a d d i t i o n ,  t h e r e  was a  
p o s s i b i l i t y  t h a t  an  e x c e s s  o f  ATP m ig h t  m o d i fy  t h e  r e s p o n s e s  o f  
t h e  p r e p a r a t i o n  t o  t h e  r e m a i n d e r  o f  t h e  d ru g  w h ich  f a i l e d  t o  
com bine i n  t h e  i n i t i a l  r e a c t i o n .  F i n a l l y ,  t h e r e  was a  chance  
t h a t  a  p r e v i o u s  i n j e c t i o n  o f  o r g a n i c  o r  i n o r g a n i c  p h o s p h a te s  
m ig h t  a n n u l  t h e  e f f e c t  o f  a  d o se  o f  t h e  l i b e r a t o r s .  The 
c h l o r o l o s e d  c a t  was u s e d  f o r  t h e s e  e x p e r i m e n t s  and t h e  f o l l o w i n g  
s e q u e n c e  was f o l l o w e d : -
( i )  s e v e r a l  i n t r a v e n o u s  i n j e c t i o n s  o f  h i s t a m i n e  w ere  made :
;!
t o  e n s u r e  t h a t  t h e  a n i m a l  was s u f f i c i e n t l y  s e n s i t i v e  and  g av e  
g r a d e d  r e s p o n s e s  o f  lo v /e red  b l o o d  p r e s s u r e  w i t h  d i f f e r e n t  d o s e s ,  j 
T h e se  w ere  f o l l o w e d  by
( i i )  an  i n j e c t i o n  o f  t h e  h i s t a m i n e  l i b e r a t o r  t o  show a  
t y p i c a l  d e l a y e d  d e p r e s s o r  e f f e c t  ; t h i s  was f o l l o w e d  by
F ia .  26 A & E.
Effect of adding sodium triphosphate to a 
solution of Compound 4-8/30 ( 0 .0 0 0 0 8 5  M).
Tube No.
1
2
3
4
5
6
Ml. of sodium Molarity of 
triphosphate sodi'om triphosphate
0
0.1
0 . 3
0 . 6
1.0
2 . 0
0
0 .0 0 0 0 5
0 .0 0 0 1 5
0 .0 0 0 3
0 .0 0 0 5
0 . 0 0 1
FIG. 260.
Proportion of Compound 4 8 /8 0  removed by the
addition of sodium triphosphate.
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E f f e c t  o f  sod ium  t r i p h o s p h a t e  on a  s o l u t i o n  o f  
a n t r y c i d e  ( 0 . 0 0 2 6  M ).
Tube No.
1
2
3
4 
7
Ml. o f  sod ium  
t r i p h o s p h a t e
0  ■
0.1
0 . 2
0 . 3
0 . 8
M o l a r i t y  o f  
sod ium  t r i p h o s p h a t e
0
0 .0 0 0 0 5
0.0001
0 .0 0 0 1 5
0 .0 0 0 4
EIO. 27B.
C a l i b r a t i o n  c u r v e  f o r  a n t r y c i d e .
FIG-. 270.
P r o p o r t i o n  o f  a n t r y c i d e  removed f ro m  s o l u t i o n  by  
sod ium  t r i p h o s ' p h a t e .
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( i i i )  an  i d e n t i c a l  d o se  o f  t h e  l i b e r a t o r  p l u s  ATP; and 
t h e n  by
(iv) another injection of the liberator to make sure that 
releasable histamine was still available and that the sensitivity 
of the preparation had not declined; then 
(v) an injection of ATP alone.
I n  m ost  c a s e s  a  s t a n d a r d  d o se  o f  h i s t a m i n e  was g i v e n  b e tw e en  
e a c h  o f  t h e s e  i n j e c t i o n s  a s  i t  was fo u n d  t h a t  a f t e r  some d r u g s  a  
r e f r a c t o r y  s t a t e  d e v e lo p e d  w h ich  l a s t e d  f o r  a s  l o n g  a s  h a l f  a n  !
.-I
h o u r .  Q u i t e  f r e q u e n t l y ,  a  d e l a y  o f  more t h a n  30 m in u t e s  v;as 
n e c e s s a r y  b e tw e e n  ( i i )  and  ( i i i )  a s  a  p r o l o n g e d  s t a t e  o f  h y p o t -  
t e n s i o n  made t h e  p r e p a r a t i o n  u n r e s p o n s i v e  t o  f u r t h e r  i n j e c t i o n s  
o f  d e p r e s s o r  d r u g s .
A t y p i c a l  r e s u l t  o b t a i n e d  w i t h  p ro p a m id in e  i s e t h i o n a t e  i s  
shown i n  P i g .  28. A s t o c k  s o l u t i o n  o f  t h e  l i b e r a t o r  d r u g  was 
a d j u s t e d  t o  pH 7*5 w i t h  sod ium  b o r a t e  and h y d r o c h l o r i c  a c i d  on
t h e  g l a s s  e l e c t r o d e  and  t h e  f i n a l  c o n c e n t r a t i o n  b r o u g h t  t o  
4 mg/m l.  A d o s e  o f  0*5 m g/kg .  o f  p ro p a m id in e  was g i v e n  ( P i g .  28, 
No. 3) and  a  t y p i c a l  d e l a y e d - d e p r e s s o r  r e s p o n s e  o b t a i n e d .  Two !
more s o l u t i o n s  w ere  p r e p a r e d ;  one c o n t a i n e d  20 mg. o f  p ro p a m i -  ;
I
d i n e  and  t h e  o t h e r  14 mg. o f  ATP, t h e  pH o f  b o t h  b e i n g  7*5- 
A f t e r  t h e y  w ere  m ix ed ,  a  h e a v y  w h i t e  p r e c i p i t a t e  a p p e a r e d  w h ich  
was removed by  c e n t r i f u g a t i o n .  The s u p e r n a t a n t  f l u i d  was 
c o l l e c t e d ,  t h e  p r e c i p i t a t e  washed t w i c e  w i t h  n o rm a l  s a l i n e  and  
t h e  r i n s i n g s  ad d ed  t o  t h e  s u p e r n a t a n t  whose volume was t h e n  
a d j u s t e d  t o  5 ml.  a f t e r  i t s  pH h a d  b e e n  c o r r e c t e d .  Hence ,  i f  no
8 1 . El
r e a c t i o n  had  t a k e n  p l a c e  b e tw e e n  t h e  d ru g  and  ATP, t h i s  s o l u t i o n  
w ould  h av e  c o n t a i n e d  4 mg/ml.  o f  p ro p a m id in e  i s e t h i o n a t e  and 2*8 
mg/rnl.  o f  ATP.
T h i s  m i x t u r e  was nov/ i n j e c t e d  i n t o  t h e  a n i m a l  so t h a t  a  
t h e o r e t i c a l  dose  o f  0*5 m g/kg .  o f  p ro p a m id in e  i s e t h i o n a t e  was 
g i v e n .  The r e s u l t  i s  shown i n  P i g .  28, N o . 5* T h e re  i s  a  
c o m p le t e  a b s e n c e  o f  t h e  d e l a y e d  d e p r e s s o r  e f f e c t  w h ich  u s u a l l y  
a p p e a r s  w i t h i n  20 -30  s e c o n d s  a f t e r  t h e  i n t r a v e n o u s  i n j e c t i o n  o f  
a  l i b e r a t o r .  I n  t h i s  p a r t i c u l a r  e x p e r im e n t  t h e  r e c o r d i n g  was 
made f o r  90 s e c o n d s  v^ i thou t  any  r e s p o n s e  d e v e l o p i n g ,  w h e rea s  i n  
P i g .  28, N o .3 a  d e p r e s s o r  e f f e c t  was o b t a i n e d  v / i t h i n  25 s e c o n d s .  
The r e c o r d s  l a b e l l e d  4 and 6 show t h a t  t h e  s e n s i t i v i t y  o f  t h e  
p r e p a r a t i o n  t o w a r d s  h i s t a m i n e  h ad  n o t  b ee n  a l t e r e d  t o  any  g r e a t  
e x t e n t  d u r i n g  t h i s  p a r t  o f  t h e  e x p e r i m e n t .
I f  no r e a c t i o n  h ad  o c c u r r e d  b e tw e e n  t h e  l i b e r a t o r  and ATP, 
t h e  c a t  w ould  h a v e  r e c e i v e d  a  d o se  o f  0*35 m g/kg .  o f  ATP. The 
e f f e c t  o f  t h i s  q u a n t i t y  o f  ATP i n j e c t e d  a l o n e  i s  shown i n  P i g . 28, 
N o . 7 ;  t h e  d e p r e s s o r  e f f e c t  was im m ed ia te  and  d i s a p p e a r e d  r a p i d l y .  
A s e c o n d  i n j e c t i o n  o f  t h e  l i b e r a t o r  was g i v e n  ( P i g .  28, N o .9)  azid | 
a  d e l a y e d  d e p r e s s o r  r e s p o n s e  o b t a i n e d .  T h i s  t im e  how ever ,  t h e  i
recovery !
i n  b l o o d  p r e s s u r e  was much q u i c k e r .  W he ther  o r  n o t  t h i s  
d i f f e r e n c e  v/as due t o  t h e  e f f e c t  o f  p r e v i o u s  i n j e c t i o n s  o f  
p h o s p h a t e  i s  n o t  a t  p r e s e n t  c l e a r .  The r e s p o n s e  does  show how­
e v e r  t h a t  r e l e a s a b l e  h i s t a m i n e  was s t i l l  a v a i l a b l e  and t h a t  t h e  
r e s u l t s  o b t a i n e d  i n  N o . 5 w ere  due t o  a  r e a c t i o n  b e tw e e n  t h e  two 
d e p r e s s o r  s u b s t a n c e s  i n  t h e  m i x t u r e .
tF ia .  28.
C at  c h l o r a l o s e d ;  r e c o r d i n g  f ro m  t h e  c a r o t i d  
a r t e r y ;  i n j e c t i o n s  i n t o  t h e  f e m o r a l  v e i n ;
t i m e  t r a c e  5 s e c o n d s .
1 0 . 3  / / g .k g .  o f  h i s t a m i n e
2 0 . 2  / / g . k g .  " {=  H)
3 0 . 5  m g .k g .  p r o p a m id in e  i s e t h i o n a t e
4 H
5 p r o p a m id i n e  i s e t h i o n a t e  + ATP 
0 . 5  m g .kg .  o f  p ro p a m id i n e  and 
0 . 3 5  m g .k g .  o f  Na ATP
6 H
7 0 . 3 5  m g .k g .  Na ATP a l o n e
8 H
9 0 . 5  m g .k g .  p r o p a m id i n e  i s e t h i o n a t e
10 H
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These results thus indicate that the depressor effect of 
both propamidine and AT? are abolished when the two are mixed 
outside the body. Experiments were now performed to see whether . 
the same effect could be obtained when the drugs were separately 
injected into the circulation. Fig. 29 shows that a * protective * 
dose of AT? followed four minutes later by the liberator does not 
abolish the latter*s delayed depressor response. Reducing the 
interval to sixty-five seconds gave the rather unusual response II
shown in Fig. 30. An interval of five seconds apparently enabled ^
i
the phosphate to combine with the drug and annul most of its 
effects (Fig. 31). However, even by the end of one minute there 
is an indication of slight depression which probably developed in 
two ways. Firstly by the traumatic effect of a fine precipitate 
on the heart, and secondly by the fact that, as previously shovm, I 
the reaction between the liberator and phosphate does not go to 
completion. A very small amount of propamidine would therefore 
remain free, and although unable to release sufficient histamine 
to cause acute depression, it might well exert a chronic toxic 
effect and be responsible for a slight lowering of the blood 
pressure for a considerable time.
The reaction between Compound 48/80 and sodium triphosphate 
occurs to such a limited extent that a considerable amount of the 
drug remains in solution. It thus seemed rather unlikely that 
AT? would influence the depressor effect of this very powerful 
liberator unless the doses used v\^ere, at the most, only 30^
FIG-. 29.
Chloralosed cat; carotid blood pressure.
1 - 1.4 mg.kg. ATP (i.v. ) follov/ed by 
2-0.5 mg.kg. propamidine isethionate 
4 minutes later.
FIG. 30.
Chloralosed cat; carotid blood pressure.
1 - 1 . 4  mg.kg. ATP (i.v.) followed by
2-0.5 mg.kg. propamidine isethionate 
65 seconds later.
FIG-. 31.
Chloralosed cat ; carotid blood pressure.
1-0.5 mg.kg. propamidine isethionate (i.v.) 
followed by 1.4 mg.kg. ATP 5 seconds 
later. The depressor effect was 
immediate and the blood pressure 
recovered v/ithin 30 seconds of the 
first injection.
2 - Effect of 0.5 mg.kg. propamidine 
isethionate, ai one to shov/ (i) the 
delayed-depressor effect which persists 
beyond the response obtained in 1 above, 
and (ii) that releasable histamine was 
still present in the preparation.
10
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X
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greater than the threshold value (v/hich is about 5 mg/kg., see 
Paton, 1 9 4 9). Doses above this amount, e.g. 10 mg/kg., gave the 
results shown in Pig. 32; in (3) a depressor effect with slowing; 
of the heart occurred and the systemic blood pressure remained 
low for a considerable time; in (5), using more ATP, the 
immediate depressor effect of this substance was followed by one 
of delayed depression due to Compound 48/80. Hov/ever, the drop
I
was considerably smaller than those in (2) and (6) and lasted 
for a much shorter time. Furthermore, the prolonged depression 
V7hich these liberators invariably produce v/as completely absent 
with this particular solution. Similar results were obtained in 
other experiments as shown in Fig. 33. Hence, it does seem 
justifiable to conclude that ATP will annul the histamine- 
liberat or effects of 4 8 /8 0 to a limited extent,though not so 
completely as it does those of propamidine isethionate.
Results similar to those with propamidine were obtained by 
using another pov/erful liberator, antrycide (4-amino-6-(2*-amino- 
6 * -methylpyrimidyl-4 * -amino ) quinaldine-1:1 * - dimethyl ). As in 
the other experiments the drug and the ATP were mixed and allowed 
to react outside the body, and the effect of the centrifuged 
mixture was tested on the cat’s blood pressure. The results are 
shov/n in Fig. 34.
It.{
It should be noticed that in (5) the injection of the | | j
antrycide-ATP mixture caused an immediate drop in blood pressure 
(due to an excess of nucleotide), which was follov/ed by a sharp
FIG. 32 .
Chloralosed oat; carotid blood pressure.
Effect of ATP on Compound 48/80; the two 
substances were mixed in vitro, allowed to 
react for 30 minutes at 20 C, centrifuged and 
the clear supernatant fluid injected into the 
femoral vein.
1 - 0.2 yg.kg. histamine.
2 - 1 0  yg.kg. Compound 48/80.
3 - 1 0  //g.kg. Compound 48/80 + 0.1 mg.kg. ATP.
4 -0.2 //g.kg. histamine.
5 - 1 0  //g.kg. Compound 48/80 4- 0.14 mg.kg.-ATP.
6 - 1 0  //g.kg. Compound 48/80 alone.
L / - j  y  ^
-|'48j80 I  t^.ùl&0+ATP
hsjeotATP
s .
V
t48/80
1. >• I
FIG. 33.
^^ ^^ ,,>Ê>îf!Kralosed cat; carotid blood pressure.
histamine.
2 - 1 0  Mg.kg. Compound 4-8/80 4- 0.05 mg.kg. ATP
(Solution L),
3 - 0.2 //g.kg. histamine.
4 - O.O5 mg.kg. ATP alone.
5 - 1 0  //g.kg. Compound 48/80 alone.
F i ^ . 3 3 ,
•2uo.H. ■  ATP
FIG. 34.
R e a c t i o n  b e tw e e n  a n t r y c i d e  and  ATP, 
C h l o r a l o s e d  c a t  ; c a r o t i d  b lo o d  p r e s s u r e ;  
t im e  t r a c e  10 s e c o n d s .
The l i b e r a t o r  r e a c t e d  w i t h  ATP i n  v i t r o  
and  t h e  c e n t r i f u g e d  s u p e r n a t a n t  was 
i n j e c t e d  i n t o  t h e  f e m o r a l  v e i n .
1 - 0 . 2  / / g . k g .  h i s t a m i n e  ( s  H ) .
2 -  1 m g .k g .  a n t r y c i d e .
3 , 4  -  H.
5 -  a n t r y c i d e  -f ATP, 1 m g .k g .  a n t r y c i d e
an d  0 . 7  m g .k g .  ATP.
6 , 7  -  H.
8 -  0 . 7  m g .kg .  ATP.
9 ,1 0  -  H.
1 1 - 1  m g .k g .  a n t r y c i d e .
12 -  H.
F ig . 3 If..
V».',
■'-’'-■-.v.v..>*avJ'<va'' -V
1 C I  I I
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r i s e  i n  p r e s s u r e  and a  prompt r e t u r n  t o  n o r m a l .  A d o se  o f  0*2 
m g/kg .  o f  h i s t a m i n e  s e v e n t y  s e c o n d s  a f t e r v / a r d s  g ave  a  n o r m a l  
t y p e  o f  r e s p o n s e  ( 6 ) .  T h i s  s h o u l d  he compared w i t h  ( 3 )  i n  v /hich 
a  s i m i l a r  d o se  o f  h i s t a m i in e  f a i l e d  t o  p ro d u c e  a  r e s p o n s e  f i v e  
m i n u t e s  a f t e r  t h e  a n t r y c i d e  ( 2 ) ,  which  c a u s e d  a  p r o l o n g e d  s t a t e  
o f  h y p o t e n s i o n .
Hov/ever, t h e  e f f e c t s  shown i n  ( 5 )  w ere  n o t  t h e  o n ly  t y p e  o f
r e s p o n s e  o b t a i n e d  w i t h  t h e  a n t r y c i d e - A T P  m i x t u r e .  U s in g  t h e  
same d o s e ,  s o l u t i o n s  and a n i m a l ,  s u b s e q u e n t  i n j e c t i o n s  gave  t h e  
r e s u l t s  shown i n  P i g .  35» w h ich  ca n  be  e x p l a i n e d  a s  b e i n g  due t o  
t h e  s e l f - p o t e n t i a t i n g  e f f e c t  o f  s e v e r a l  s u b - t h r e s h o l d  d o s e s  o f  
t h e  l i b e r a t o r  ( M c In to s h  and  P a t o n ,  1949; P a t o n ,  1949)# I n  b o t h  
c a s e s  t h e  i n i t i a l  s h a r p  f a l l  i n  b l o o d  p r e s s u r e  was f o l l o w e d  by  a  
s h o r t  p e r i o d  o f  h y p o t e n s i o n  o f  a p p r o x i m a t e l y  t h e  same e x t e n t ,  
d u r i n g  w h ich  c o m p l e t e l y  d i f f e r e n t  r e s p o n s e s  t o  h i s t a m i n e  were  
o b t a i n e d .
These  r e s u l t s  t h u s  c o n f i r m  t h e  c o n c l u s i o n  r e a c h e d  by  an  
e x a m i n a t i o n  o f  t h e  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  o f  t h e s e  
d r u g s  i n  t h e  p r e s e n c e  o f  sod ium  t r i p h o s p h a t e .  A h i g h  p r o p o r t i o n  
o f  t h e  p r o p a m id i n e  and  a n t r y c i d e  i s  p r e c i p i t a t e d  and r e n d e r e d  |
p h y s i o l o g i c a l l y  i n e r t .  I n  t h e  c a s e  o f  Compound 4 8 /8 0  t h e  
r e a c t i o n  l e a v e s  a  c o n s i d e r a b l e  amount o f  t h e  d ru g  i n  s o l u t i o n ,  
a n d ,  a s  was t o  be  e x p e c t e d ,  d e p r e s s o r  e f f e c t s  i n  t h e  c a t  w ere  
l e s s  d i m i n i s h e d  w i t h  t h i s  m a t e r i a l .  Hence,  when ATP r e a c t s  w i t h  _ 
t h e s e  s u b s t a n c e s  i n  v i t r o ,  t h e i r  p h y s i o l o g i c a l  a c t i o n s  a r e  [
c o n s i d e r a b l y  r e d u c e d .  ;
aPIG. 35.
S u b s e q u e n t  r e s p o n s e s  o f  t h e  c h l o r a l o s e d  
_0L3i(t t o  t h e  m i x t u r e  o f  a n t r y c i d e  &&d AIP 
u s e d  i n  P i g .  34.  Compare v\rith t h e  effocm-c. 
i n  (5} o f  P i g .  34.
Fig, 36]
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EXPERIÎviMTAL SECTION
4 .  THE CHEIvIICAL ANALYSIS OP THE COMPLEX FOmiED BETY/EEN 
PROPAMIDINE AND ADENOSINE TRIPHOSPHATE.
8 6 .
4 .  THE GBBMIGAL M A L Y SIS OP THE COMPLEX POHIvISD BETVŒEN 
PROPAMIDINE AI'TD ADENOSINE TRIPHOSPHATE.
C h em ica l  a n a l y s i s  o f  p r e c i p i t a t e .
The p r e c i p i t a t e  fo rm ed  b e tw e e n  p ro p a m id in e  i s e t h i o n a t e  and  
Na-ATP was c o l l e c t e d  by  c e n t r i f u g a t i o n ,  washed s e v e r a l  t i m e s  w i t h  - 
s m a l l  vo lum es o f  d i s t i l l e d  w a t e r ,  t h e n  a c e t o n e ,  and  f i n a l l y  d r i e d  
o v e r  c a l c i u m  c h l o r i d e  i n  a  vacuum d e s i c c a t o r .  "Sodium f u s i o n  
t e s t s  showed t h a t  t h e  p r e c i p i t a t e  c o n t a i n e d  n i t r o g e n  and  
p h o s p h o r u s .  S u l p h u r  c o u l d  n o t  b e  d e t e c t e d  h o w ev e r ,  an  i n d i c a t i o n  
t h a t  t h e  i s e t h i o n a t e  r a d i c a l  ( ^ - h y d r o x y e t h a n e  s u l p h o n a t e )  was 
a p p a r e n t l y  n o t  i n v o l v e d  i n  t h e  r e a c t i o n .  The p r e c i p i t a t e  was 
t h e r e f o r e  fo rm ed  s o l e l y  f ro m  t h e  h i s t a m i n e - l i b e r a t i n g  p a r t  o f  
t h e  m o l e c u l e ,  a  p o i n t  w h ich  was u n c e r t a i n  f o r  t h i s  p a r t i c u l a r  
d ru g  u n t i l  t h i s  a n a l y s i s  was made.
The r e a c t a n t s  and  t h e  p r e c i p i t a t e  w ere  q u a n t i t a t i v e l y  
a n a l y s e d  f o r  n i t r o g e n ,  p h o s p h o ru s  and r i b o s e .  Sam ples  o f  
p r o p a m id in e  i s e t h i o n a t e ,  ATP and  t h e  p r e c i p i t a t e  w ere  decomposed 
by  K j e l d a h l * s  m ethod  u s i n g  C h i b n a l l * s c a t a l y s t .  N i t r o g e n  and  
p h o s p h o r u s  w ere  t h e n  e s t i m a t e d  i n  t h e  r e s i d u e  a f t e r  i t  had  b e e n  
s u i t a b l y  d i l u t e d .  The K j ô l d a h l  n i t r o g e n  r e s u l t s  w ere  ch e ck e d  by  
a  more r e l i a b l e  g a s ometr i c  m ethod  w h ich  was p e r fo rm e d  by  t h e  
M i c r o a n a l y t i c a l  L a b o r a t o r y  a t  t h e  I m p e r i a l  C o l l e g e  o f  S c i e n c e .  
R i b o s e  was e s t i m a t e d  by  Mejbaum*s method (Mejbaum, 1939) a f t e r  
c o n t r o l  e x p e r i m e n t s  h a d  shown t h a t  p ro p a m id in e  d i d  n o t  i n t e r f e r e  
w i t h  t h e  c o l o u r  r e a c t i o n .
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TABLE 1 .
T h e o r e t i c a l  c o m p o s i t i o n  o f  R e a c t a n t s
P ro p a m id in e  i s e t h i o n a t e  
P r o p a m id in e
A d en o s in e  t r i p h o s p h a t e
M.W.
564
312
507
10
17» 9 
1 3 -7
ip
1 8 '3
^ r i b o s y l
26 ”4
I n  f a c t  t h e  f o l l o v ; i n g  a n a l y t i c a l  r e s u l t s  w ere  o b t a i n e d  a s  shown 
i n  T a b le  2 f o r  p r o p a m id i n e  and T a b le  3 f o r  ATP.
Mg. o f  d ru g
16*5
13*55
9-50
20-9  
16 -8 5
21-40  
42 -9 0
TABLE 2.
Mg. N fo u n d
1-66
1 - 2 2
1-12
2-08
1 -9 7
1 -9 9
4 -1 4
È
1 0 -5  
9 -0
11-8 
9-95
11-6
9-3
9 -7
A v e ra g e  fo o f  n i t r o g e n  i s  1 0 - 2 6 ,
The g a s o m e t r i c  a n a l y s i s  f ro m  I m p e r i a l  C o l l e g e  gave  9 “7?5
TABLE 3 .
A n a l y s i s  o f  a d e n o s i n e  t r i n l i o s - o h a t e .
8 8 .
Mass o f
sp e c im e n  rng.N jo N mg.P p m g . r i b o s e  ^ r i b o s e
1 7 -6 2-36 1 3 -4 2-90 1 6-45
1 9 -2 2-16 1 1 -2 5 2 .8 0 1 4-55
25-15 2-74 10-09 3-3 0 1 3 -1
29-95 3 -4 2 1 1 -4 4 -3 5 14 -5
19-3 5 2-30 11 -9 2-90 15
1 6 -9 5 1 -8 7 11 2 .2 0 12-95
1 8 -5 0 2 .5 2 13 -6 2-80 1 5 -1
16-5 5 2-2 2 1 3 -4 2-70 16-9
5- 5 1 -7 2 31-3
1 0 -3 3-1 0 3 0 -1
A v e rag e r e s u l t s
N
12^
f ro m  above g a v e :
P
1 4 -8 ^
R ib o s e
3 0 -7 ^
G a s o m e t r i c  a n a l y s i s  g av e  12*25^ n i t r o g e n .
I t  i s  w o r th  n o t i n g  t h a t  t h e  g a s o m e t r i c  n i t r o g e n  r e s u l t  a g r e e s  
v e r y  c l o s e l y  w i t h  t h e  K j e l d a h l  d e t e r m i n a t i o n s  on b o t h  p r o p a m id in e  
and  ATP.
U s in g  t h e  same m ethods  t h e  p r e c i p i t a t e  was now a n a l y s e d ,  t h e  
r e s u l t s  b e i n g  t a b u l a t e d  i n  T a b le  4*
8 9 .
TABLE 4
A n a l y s i s  o f complex b e tw e e n p ro p a m id in e  and  ATP.
Mass o f  
p r e c i p i t a t e  mg.N 
i n  mg.
‘/o N mg.P /» P ^ g . r i b o s e  /  r i b o s e
8*05 1-0 9 13 -6 0 -6 4 7-9
6 0-10 8-73 14 -5 — —
1 2-05 1-85 1 5 -4 0 -8 6 7 -1
1 1 -5 5 1-63 1 4 -1 1 -0 4 9-0
9 -5 5 1 -1 5 1 2 .1 0 .5 0 5-3
1 0-55 1 -2 5 1 1 -8 0 . 6 1 5-8
1 4 -2 — — 0 -8 2 5-8
1 2 - 2 1 -2 8 10 -5 0 -6 1 5-0
36-3 5-2 1 4 -2 2-60 7-3
3 1 -3 4 -5 1 4 -2 2-30 7-3
5 -1 560 10
21-0 2000 9 -5
3 1 -1 3035 9 -7
The f i n a l a v e r a g e  r e s u l t  f ro m  t h e  above  t a b l e  g av e
13-4?'o N 6-7/» P and 9 - 7 /  r i b o s e .
The g a s o m e t r i c  a n a l y s i s  g ave  14*3^ n i t r o g e n .
The m o l e c u l a r  c o m p o s i t i o n  o f  t h e  p r e c i p i t a t e  was d e t e r m i n e d  
b y  co m p ar in g  t h i s  a n a l y s i s  w i t h  t h e  t h e o r e t i c a l  v a l u e s  o b t a i n e d  
b y  c a l c u l a t i n g  t h e  p e r c e n t a g e  c o m p o s i t i o n  o f  v a r i o u s  m o l e c u l a r  
co m p lex e s  o f  p r o p a m id i n e  and  ATP. T a b le  5 shows t h e  v a l u e s  
o b t a i n e d  f o r  t h e s e  d i f f e r e n t  c o m p le x e s .
9 0 .
TABLE 5o
C o m p o s i t io n  o f  t h e o r e t i c a l  com plexes  b e tw e e n  t h e  l i i s t a m i n e
l i b e r a t o r  and  ATP.
P = 1 m o le c u l e  o f  p r o p a m id i n e .
P I  = 1 m o l e c u l e  o f  p ro p a m id i n e  i s e t h i o n a t e .
ATP = 1 m o l e c u l e  o f  a d e n o s i n e  t r i p h o s p h a t e .
M o l e c u l a r
p r o p o r t i o n  M.W. ^  N ^  P r i b o s y l
i n  com plex
IP  4- lATP 819 15-4- 11*4 1 6 -4
IP  + 2ATP 1326 14 -8  14 20»2
Hence i n c r e a s i n g  t h e  number o f  ATP m o l e c u l e s  s im p ly  e l e v a t e s  t h e  
P and  r i b o s e  v a l u e s  w h i l e  t h o s e  f o r  N d r o p .
2P 4- lATP 1131 1 6 -1  8 -2  11"9
3P 4- lATP 1443 16*5 6*4 9*3
4P 4- lATP 1755 16*8 5*3 7*6
More p r o p a m id in e  m o l e c u l e s  would  o b v i o u s l y  l o w e r  t h e  P and  r i b o s e  , 
v a l u e s  and  e l e v a t e  t h o s e  o f  n i t r o g e n .  U s in g  p r o p a m id in e  
i s e t h i o n a t e  gave  no b e t t e r  v a l u e s
I P l  + lATP 1071 11"8  8*7 12*5
2P1 4- lATP 1635 11" 1 5*7 8 . 2
3P1 4- lATP 2199 10*8 4*2 6*1
T h e re  v/as t h e  p o s s i b i l i t y  t h a t  t h e  r e a c t i o n  be tv /een  ATP and  t h e  
l i b e r a t o r  decomposed t h e  n u c l e o t i d e  t o  ALP o r  AMP and  t h a t  t h e s e  
s u b s t a n c e s  r e a c t e d  w i t h  t h e  d ru g  t o  fo rm  a  p r e c i p i t a t e .
T a b l e  6 shows t h e  a n a l y t i c a l  r e s u l t s  w h ich  would be  o b t a i n e d
u n d e r  t h e s e  c i r c u m s t a n c e s .
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TABLE 6 .
C o m p o s i t i o n  o f  t h e o r e t i c a l  com plexes  b e tw e e n  h i s t a m i n e  l i b e r a t o r s
and ALP and AïvïP.
M o l e c u l a r  
p r o p o r t i o n  
i n  complex
M.W. /  N /  P /  r i b o
I P  + lA L P 739 17 8 -4 18 -3
2P + lALP 1 0 5 1 17-3 5-9 1 2 -8
and  so  o b v i o u s l y  no u s e  t o c o n t i n u e  t h e s e r i e s .
I P l  + lA LP 991 1 2 -7 6-3 1 3 -5
2P1 4- lA LP 1555 1 1 -7 4 -0 8 - 6
IP  + lAIvIP 659 1 9 -1 4 -7 20 -4
2P 4- lAMP 971 1 8 .8 3 -2 1 3 -8
I P l  + lAIvîP 911 13 -9 3 -4 1 4 -7
2P1 4- lAIvîP 1475 1 2 -4 2 -1 9 - 1
The v a l u e s  w h ic h  a r e  f a i r l y  c l o s e  t o  t h o s e  o f  t h e  a n a l y s i s  
a r e  u n d e r l i n e d .  I t  h a s  b e e n  p r e v i o u s l y  m e n t io n e d  t h a t  no s u l p h u r  
c o u l d  be  d e t e c t e d  i n  t h e  p r e c i p i t a t e .  Hence,  t h e  m o l e c u l a r  r a t i o s |  
i n v o l v i n g  p r o p a jn id in e  i s e t h i o n a t e  may be n e g l e c t e d ,  l e a v i n g  t h e  j 
o n l y  a l t e r n a t i v e  s t r u c t u r e  f o r  t h e  p r e c i p i t a t e  a s  a  compound 
c o n s i s t i n g  o f  3 m o l e c u l e s  o f  p r o p a m id in e  l i n l i e d  t o  one o f  ATP.
The a v e r a g e  p h o s p h o r u s  and  r i b o s e  v a l u e s  a r e  i n  v e r y  c l o s e  a g r e e ­
ment b u t  t h e  n i t r o g e n  v a l u e s  by  b o t h  t h e  E j  e l d a h l  and  g a s o m e t r i c  
m e th o d s  a r e  low .  I t  i s  o f  c o u r s e  p o s s i b l e  t h a t  t h i s  d i s c r e p a n c y  
i s  due t o  t h e  p a r t i a l  d e c o m p o s i t i o n  o f  t h e  a m id in e  r a d i c a l s  o f
9 2 .
t h e  d ru g  when i t  r e a c t s  w i t h  ATP. T h i s  w ould  l o w e r  t h e  ^  o f  
n i t r o g e n  i n  t h e  f i n a l  com plex  w i t h o u t  a l t e r i n g  t h e  r e l a t i v e  
v a l u e s  o f  t h e  o t h e r  c o n s t i t u e n t s  t o  any  g r e a t  e x t e n t .  The 
r e s u l t s  s u g g e s t  t h a t  t h e  p r o p a m id in e  m o l e c u l e s  a r e  u n i t e d  t o  
ATP v i a  t h e  l a t t e r * s  p h o s p h a t e  g r o u p .  T h i s  s u p p o s i t i o n  c o u l d  
be  ch e ck e d  by  an  a n a l y s i s  o f  t h e  com plexes  fo rm ed  b e tw e e n  t h i s  
d ru g  and ALP and  AIvIP.
93 .
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DISCUSSION.
The f i n d i n g  t h a t  t h r e e  p o w e r f u l  h i s t a m i n e  l i b e r a t o r s  r e a c t  
w i t h  o r g a n i c  p h o s p h a t e s  when a l l  t h e  r e a c t a n t s  a r e  in .  v e r y  low 
c o n c e n t r a t i o n s  s u g g e s t s  a  new e x p l a n a t i o n  t o  a c c o u n t  f o r  t h e  
p h y s i o l o g i c a l  a c t i o n  o f  t h e s e  l i b e r a t o r s  and f o r  t h e  p r o c e s s e s  
o c c u r r i n g  i n  a n a p h y l a x i s .
The m echan ism s o f  h i s t a m i n e  r e l e a s e  w h ich  h av e  b e e n  p r o p o s e d  
up t o  now may be  d i v i d e d  i n t o  two g r o u p s :  ( a )  t h e  d i s p l a c e m e n t
o f  h i s t a m i n e  by  s t r u c t u r a l l y  r e l a t e d  b a s e s  ; ( b )  t h e  a c t i v a t i o n
o f  i n t r a c e l l u l a r  o r  p la s m a  p r o t e o l y t i c  enzyme s y s t e m s .  I n  t h e  
d i s p l a c e m e n t ” t h e o r y  t h e  u n i o n  b e tw e e n  h i s t a m i n e  and t h e  p o l y ­
p e p t i d e  c h a i n  i s  r e g a r d e d  a s  b e i n g  so weak and u n s p e c i f i c  t h a t  
t h e  h i s t a m i n e  m o l e c u l e  ca n  be r e p l a c e d  by  a n o t h e r  t y p e  o f  b a s i c  
m o l e c u l e .  I n  a  m echan ism  o f  t h i s  s o r t  one would e x p e c t  t o  f i n d  
t h a t  one m o l e c u l e  o f  t h e  l i b e r a t o r  would e j e c t  o n l y  one o f  
h i s t a m i n e .  I n  f a c t  ho w ev e r ,  some p o w e r f u l  l i b e r a t o r s ,  su c h  a s  
Compound 4 8 /8 0  and  p r o p a m id i n e ,  a r e  c a p a b l e  o f  d i s p l a c i n g  more 
t h a n  100 m o l e c u l e s  o f  h i s t a m i n e  (M c In to s h  and  P a t o n ,  1 9 4 9 ) .  I n  
a d d i t i o n ,  i f  t h e  b a s i c  n a t u r e  o f  b o t h  h i s t a m i n e  and t h e  l i b e r a t o r  
i s  s u c h  an  e s s e n t i a l  f e a t u r e  f o r  t h e  r e l e a s e ,  i t  i s  d i f f i c u l t  t o  
s e e  how s u c h  a  p r o p e r t y  c o u l d  a l s o  be  r e s p o n s i b l e  f o r  l i b e r a t i n g  
a c i d i c  m o l e c u l e s  l i k e  h e p a r i n  o r  a m p h o te r i c  s u b s t a n c e s  s u c h  a s  
t h e  p o l y p e p t i d e s , w h ich  a l s o  a p p e a r  a f t e r  t h e  a d m i n i s t r a t i o n  o f  
t h e  l i b e r a t o r s .  T h i s  d i s p l a c e m e n t  mechanism i s  t h e r e f o r e  t o o
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n o n - s p e c i f i c  t o  a c c o u n t  a d e q u a t e l y  f o r  t h e  a c t i o n  o f  t h e s e  d r u g s ,  
w h ich  a r e  e f f e c t i v e  i n  s u c h  low c o n c e n t r a t i o n s  and  must a c t ,  
p r e s u m a b ly ,  i n  a  v e r y  p r e c i s e  m anner .  The c o m p l i c a t i o n s  i n v o l v e d  
i n  t h e  second  mechanism, p r o t e o l y t i c  a c t i v a t i o n ,  h av e  b ee n  
d i s c u s s e d  a l r e a d y  i n  t h e  I n t r o d u c t i o n  ( p .  39 ) .
An a l t e r n a t i v e  v iew  o f  h i s t a m i n e  r e l e a s e ,  w h ich  h a s  a l s o  
b e e n  p r e s e n t e d  ( p . 3 9 ) ,  i s  t h a t  i t  i s  a s s o c i a t e d  w i t h  a  
d i s r u p t i o n  i n  en e rg y  m e ta b o l i s m  w i t h i n  t h e  s e n s i t i v e  t i s s u e  and 
t h a t  t h i s  d i s r u p t i o n  i n v o l v e s  an  i n t r a c e l l u l a r  mechanism w hich  
w i l l  be  c a l l e d  t h e  " h i s t a m i n e  pump"I I t  i s  now w e l l  e s t a b l i s h e d  
t h a t  t h e  " l a r g e  g r a n u l e s "  ( m i t o c h o n d r i a )  o f  many c e l l s  c o n t a i n  a  
c o n s i d e r a b l e  amount o f  h i s t a m i n e .  The l o c a l i z a t i o n  o f  t h i s  
s u b s t a n c e  on t h e s e  p a r t i c l e s  i s  p a r t i c u l a r l y  i n t e r e s t i n g  when i t  
i s  remembered t h a t  8 0 -9 0 ^  o f  t h e  a e r o b i c  r e s p i r a t i o n  o f  t h e  c e l l  
occurs^Ln t h e  m i t o c h o n d r i a  t o g e t h e r  w i t h  t h e  a s s o c i a t e d  p r o c e s s  
o f  o x i d a t i v e  p h o s p h o r y l a t i o n .  The p r e s e n c e  o f  60 -70^  o f  t h e  
t i s s u e  h i s t a m i n e  on s t r u c t u r a l  u n i t s ,  w hich  a l s o  c o n t a i n  t h e s e  
h i g h l y  a c t i v e  m e t a b o l i c  c e n t r e s ,  can  h a r d l y  be  f o r t u i t o u s  and  i t  
does  s u g g e s t  t h a t  t h e  a c c u m u l a t i o n  o f  h i s t a m i n e ,  i t s  m a in te n a n c e  
i n  a  n o n - t o x i c  s t a t e  and i t s  i n t r a c e l l u l a r  f u n c t i o n  must a l l  be  
c o n n e c t e d  w i t h  o x i d a t i v e  p h o s p h o r y l a t i o n  o r  some o t h e r  a s p e c t  o f  
m i t o c h o n d r i a l  m e ta b o l i s m .
M i t o c h o n d r i a l  h i s t a m i n e  does  n o t  a p p e a r  t o  be  combined i n  
any  way f o r  i t  c an  be  r e l e a s e d  by  s u s p e n d in g  t h e  p a r t i c l e s  i n  
a  h y p o t o n i c  s o l u t i o n  (Hagen,  1954)* Hence,  w i t h i n  t h e s e
I  D i r e c t  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  "pump" i s  i n c o m p le t e ;  
i t  i s  b a s e d  l a r g e l y  on t h e  o b s e r v a t i o n s  m e n t io n e d  i n  t h e  I n t r o ­
d u c t i o n .
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c y t o p l a s m i c  g r a n u l e s ,  an  e x t r e m e l y  h i g h  l o c a l  c o n c e n t r a t i o n  o f  
un combined h i s t a m i n e  i s  m a i n t a i n e d  i n  a  p h y s i o l o g i c a l l y  non­
t o x i c  form  by p r o c e s s e s  which  a r e  a t  t h e  moment unknown. I t  
seems r a t h e r  u n l i k e l y  t h a t  m i t o c h o n d r i a l  membranes a r e  
s t r u c t u r a l l y  im perm eab le  t o  a  s u b s t a n c e  l i k e  h i s t a m i n e ,  w hich  
r e a d i l y  d i f f u s e s  t h r o u g h  most t i s s u e s  and i s  # # a b l e  t o  p a s s  many 
s t r u c t u r a l  b a r r i e r s  i n  t h e  p r o c e s s . F u r t h e r m o r e ,  i f  t h e  m i t o ­
c h o n d r i a l  membrane were n o t  p e rm e a b le ,  t h e n  h i s t a m i n e  r e l e a s e  
c o u l d  o c c u r  o n ly  a f t e r  t h e  g r a n u l e  had  u n d e rg o n e  l y s i s .  Such a  
change  c o u l d  be  r e v e a l e d  h i s t o l o g i c a l l y , w h e r e a s , i n  f a c t ,  t h e  
o n l y  c e l l s  w h ich  do show i n t r a c e l l u l a r  a l t e r a t i o n s  d u r i n g  
h i s t a m i n e  r e l e a s e  a r e  t h e  m ast  c e l l s  whose g r a n u l e s ,  p r o b a b l y  
m o d i f i e d  m i t o c h o n d r i a ,  u n d e rg o  d i s r u p t i o n  ( R i l e y  and W est ,  1 9 5 3 ) .  
A l l  o t h e r  t i s s u e s  c o n t a i n i n g  h i s t a m i n e  i n  e x c e s s  o f  t h a t  o f  t h e i r  
m as t  c e l l  p a p u l a t i o n  do n o t  show any  o r d i n a r y  h i s t o l o g i c a l  change  
a f t e r  t r e a t m e n t  w i t h  l i b e r a t o r s  o r  a f t e r  an  a n a p h y l a c t i c  s h o c k .
The m a in t e n a n c e  o f  t h e  s t e e p  c o n c e n t r a t i o n  g r a d i e n t  b e tw een  
t h e  i n t r a - m i t o c h o n d r i a l  h i s t a m i n e  and t h e  i n t r a c e l l u l a r  f l u i d  
would depend on t h e  a c t i v i t y  o f  t h e  " h i s t a m i n e  pump". T h is  
mechanism would be  a n a lo g o u s  t o  o t h e r  a c t i v e  t r a n s f e r  enzyme 
s y s t e m s  w hich  m a i n t a i n  a  c o n c e n t r a t i o n  g r a d i e n t  a c r o s s  membranes. 
A l l  t h e s e  p r o c e s s e s  depend on t h e  a v a i l i b i l i t y  o f  e n e r g y - r i c h  
p h o s p h a te  bonds  s u p p l i e d  by  ATP, which  i n  t u r n  a r e  l a r g e l y  
p r o v i d e d  by  t h e  a e r o b i c  m e ta b o l i s m  o f  i n t e r m e d i a t e s  i n  t h e  t r i ­
c a r b o x y l i c  a c i d  c y c l e .
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An a d v a n ta g e  o f  t h i s  c o n c e p t  o f  a  " h i s t a m i n e  pump" mechanism 
i s  t h a t  one can  t h e r e b y  a c c o u n t  f o r  t h e  f o l l o w i n g  f e a t u r e s  o f  
h i s t a m i n e  r e l e a s e :  ( i )  t h e  e x p l o s i v e  n a t u r e  o f  t h e  r e l e a s e ,
( i i )  t h e  a c t i o n  o f  t h e  h i s t a m i n e  l i b e r a t o r s  w h ich  r e a c t  w i t h  
p h o s p h a t e s ,  ( i i i )  t h e  h i s t a m i n e - l i b e r a t i n g  p r o p e r t i e s  o f  some 
a n t i h i s t a m i n e s  ( A ru n la k s h a n a ,  1 9 5 3 ) ,  and ( i v )  t h e  a p p e a r a n c e  o f  
p o l y p e p t i d e s  a f t e r  t h e  i n j e c t i o n  o f  h i s t a m i n e  l i b e r a t o r s  o r  a f t e r  
t h e  deve lopm ent  o f  a n a p h y l a c t i c  sh o ck .
A g e n e r a l  scheme f o r  t h e  w ork in g  o f  t h e  pump i s  shown i n  
P i g .  36 o p p o s i t e ,  i n  w h ich  A, B and C r e p r e s e n t  i n d i v i d u a l  
enzymes p r e s e n t  i n  t h e  m i t o c h o n d r i a l  membrane and r e q u i r e d  f o r  
t h e  pu]Tip mechanism. D i s  an enzyme o r  c a r r i e r  which  t r a n s f e r s  
t h e  e n e rg y  o f  t h e  p h o s p h a te  bond o f  ATP t o  t h e  pump. H i s t a m in e  
w i t h i n  t h e  m i t o c h o n d r i a l  membrane i s  presumed t o  e x i s t  a s  a  
p h o s p h a te  e s t e r ;  t h i s  i s  meant t o  im p ly  t h a t  i n  t h i s  s t a t e  
h i s t a m i n e  i s  p h y s i o l o g i c a l l y  n o n - t o x i c  b u t  c h e m i c a l l y  v e r y  h i g h l y  ; 
r e a c t i v e .  I n  t h i s  fo rm  i t .  w i l l  p a s s  e i t h e r  t o  enzymes B and C 
t o  be  s e c r e t e d  i n t o  t h e  p a r t i c l e ,  o r  e l s e  d i f f u s e  i n t o  t h e  
i n t r a c e l l u l a r  f l u i d  t o  r e a c h  and combine w i t h  o t h e r  c e l l  p r o t e i n s .  
I t  i s  o f  c o u r s e  q u i t e  p o s s i b l e  t h a t  o t h e r  t y p e s  o f  com plex ,  e . g .  
a  t h i o - e s t e r ,  i s  r e s p o n s i b l e  f o r  t h e  c h e m ic a l  a c t i v a t i o n  o f  
h i s t a m i n e .  7/hat e v e r  i t s  fo rm  how ever ,  t h i s  s u b s t a n c e  would h av e  
t o  b e  c a p a b l e  o f  r e a c t i n g  w i t h  t h e  p r o t e i n s  and p h o s p h a t i d e s  o f  
t h e  c e l l  membrane t o  a c c o u n t  f o r  t h e  p r e s e n c e  o f  bound h i s t a m i n e  
i n  e x t r a - m i t o c h o n d r i a l  r e g i o n s .
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T here  i s  a  p o s s i b i l i t y  t h a t  h i s t a m i n e  may r e a c t  w i t h  a c e t y l -  
C O enzyme A. S tad tm an  and W hite  (1953)  h av e  fo u n d  t h a t  i n  some 
b a c t e r i a  im i d a z o l e  r e a c t s  w i t h  a c e t y l - C o  A t o  y i e l d  N - a c e t y l  
i m i d a z o l e .  T h is  s u b s t a n c e  i s  r e m a rk a b le  i n  h a v in g  an  e x c e p t i o n ­
a l l y  h i g h  h e a t  o f  h y d r o l y s i s  ( - 1 6 , 0 0 0  t o  - 1 8 , 0 0 0  c a l s . )  which  
i m p l i e s  t h a t  i t  c o u ld  f u n c t i o n  a s  an  e x t r e m e l y ,p o t e n t  a c e t y l a t i n g  
a g e n t .  F u n c t i o n i n g  i n  t h i s  r o l e ,  i t  would be  p o s s i b l e  f o r  t h e  
i m i d a z o l e  r a d i c l e  t o  be l i n k e d  t o  a  p o l y p e p t i d e  once i t  h ad  l o s t  
i t s  a c e t y l  g ro u p .  S i m i l a r l y ,  a  c h e m i c a l l y  r e a c t i v e  fo rm  of  
h i s t a m i n e  would a l s o  be  a b l e  t o  l i n k  i t s e l f  on t o  t h e  s t r u c t u r a l  
p r o t e i n s  and p h o s p h a t i d e s  of  t h e  c e l l^ w e r i l^ a n d  t h u s  a c c o u n t  f o r  
i t s  d i s t r i b u t i o n  b e tw een  two d i s t i n c t  c e l l u l a r  l o c a l i t i e s ,  i . e .  
t h e  c e l l  membrane and t h e  m i t o c h o n d r i a .
The " h i s t a m i n e  pump" mechanism w i l l  now be  u s e d  t o  e x p l a i n  
t h e  phenomena l i s t e d  above .
( a )  The e x p l o s i v e  n a t u r e  o f  h i s t a m i n e  r e l e a s e ; t h i s  h a s  a l r e a d y  
b e e n  d i s c u s s e d  i n  t h e  I n t r o d u c t i o n  (p .3 8 “9) and depends  on t h e  
a b r u p t  i n l i i b i t i o n  o f  a  s e c r e t o r y  p r o c e s s  w h ich  n o r m a l l y  m a i n t a i n s  
a  c o n c e n t r a t i o n  g r a d i e n t  be tw een  i n t r a - m i t o c h o n d r i a l  and i n t r a ­
c e l l u l a r  h i s t a m i n e .
( b )  The a c t i o n  o f  t h e  h i s t a m i n e  l i b e r a t o r s ; t h i s  may be  a c c o u n te d  
f o r  by  t h e  " h i s t a m i n e  pump" a s  f o l l o w s .  The pump c o n s i s t s  o f  
s e v e r a l  enzymes, some o f  w h ich  i n t r o d u c e  AT? i n t o  t h e  mechanism
t o  p r o v i d e  t h e  n e c e s s a r y  e n e rg y  v /h i le  o t h e r  enzymes h a n d l e  t h e  
h i s t a m i n e .  On a c c o u n t  o f  t h e i r  b a s i c  p r o p e r t i e s ,  d ru g s  su c h  a s
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prop .am id ine ,  Gompotmd 4-8/80 and a n t r y c i d e  w i l l  be  t a k e n  i n t o  t h e  
h i s t a m i n e  pump w hich  t h e y  w i l l  t h e n  d i s o r g a n i s e  by p r e v e n t i n g  ATP 
f rom  t r a n s f e r r i n g  i t s  e n e rg y .  The v e r y  low c o n c e n t r a t i o n  a t  
w h ich  t h e s e  l i b e r a t o r s  c a u s e  h i s t a m i n e  r e l e a s e  shows t h a t  t h e i r  ; 
mode o f  a c t i o n  i s  h i g h l y  s p e c i f i c .  I n  v i t r o ,  t h e i r  r e a c t i o n  w i t h  
ATP o c c u r s  when t h e  l a t t e r  i s  i n  s o l u t i o n .  Now, a l t h o u g h  t h e  i
t i s s u e s  c o n t a i n  a  c o n s i d e r a b l e  amount o f  b o t h  ATP and ADP, t h e r e  
i s  e v i d e n c e  t h a t  t h e s e  n u c l e o t i d e s  a r e  bound t o  t h e  p r o t e i n s  and |
n o t  d i s p e r s e d  t h r o u g h o u t  t h e  i n t r a c e l l u l a r  f l u i d  ( P e r r y ,  1 9 5 4 ) .  |
i
R enee ,  when t h e  l i b e r a t o r s  a r e  i n j e c t e d ,  t h e y  w i l l  n o t  be  ex p o sed  j
i
t o  a  l a r g e  p o o l  o f  o r g a n i c  p h o s p h a te s  v^/hich v/ould t e n d  t o  c u s h i o n  | 
t h e i r  e f f e c t s ;  i n s t e a d ,  t h e y  w i l l  a c c u m u la te  i n  h i g h l y  s p e c i f i c  I 
l o c a l i t i e s  v / i t h i n  t h e  c e l l  where  t h e y  w i l l  t h e n  be  b r o u g h t  i n t o  j 
c o n t a c t  w i t h  l o c a l i z e d  h i g h  c o n c e n t r a t i o n  s i t e s  o f  t h e  n u c l e o t i d e s . I 
I t  i s  most  u n l i k e l y  t h a t  a l l  t h e  m i t o c h o n d r i a  w i t h i n  a  c e l l  
a r e  c o n c e rn e d  w i t h  s t o r i n g  h i s t a m i n e ;  i t  i s  f a r  more p r o b a b l e  
t h a t  t h i s  f u n c t i o n  i s  p e r fo rm e d  by o n ly  a  r e l a t i v e l y  few p a r t i c l e s .  
R e ce n t  s t u d i e s  on t h e  c e n t r i f u g a t i o n  o f  m i t o c h o n d r i a  show t h a t  
t h e y  v a r y  i n  s i z e  and p o s s e s s  d i f f e r e n t  d e n s i t i e s  (K u f f  and 
S c h n e i d e r ,  1 9 5 4 ) .  U nder  i n t e n s e  g r a v i t a t i o n a l  f i e l d s ,  t h e s e  
p a r t i c l e s  w i l l  t h e r e f o r e  be  d e p o s i t e d  i n  d i s t i n c t  l a y e r s  whose 
s e q u e n c e  w i l l  depend on t h e  s e d i m e n t a t i o n  c o n s t a n t s  o f  t h e • 
d i f f e r e n t  g r a n u l e s .  I n  t h i s  way i t  i s  p o s s i b l e  t o  i s o l a t e  
d i f f e r e n t  t y p e s  o f  m i t o c h o n d r i a  and t o  examine t h e i r  b i o c h e m i c a l  
a c t i v i t y .  The r e s u l t s  show t h a t  some enzymes a r e  more h i g h l y
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c o n c e n t r a t e d  on some p a r t i c l e s  t h a n  on o t h e r s  and  so we m ust 
c o n c lu d e  t h a t  t h e  m i t o c h o n d r i a l  f r a c t i o n  o f  g r a n u l e s  i s  b iochem ­
i c a l l y  h e t e r o g e n o u s .  S i m i l a r l y ,  we may c o n c lu d e  t h a t  when t h e  
h i s t a m i n e  l i b e r a t o r s  have  e n t e r e d  t h e  c e l l s  o f  t h e  s e n s i t i v e  
t i s s u e s ,  t h e y  w i l l  be  a c t i v e  on o n ly  a  f r a c t i o n  o f  a l l  t h e  
a v a i l a b l e  m i to c h o n d r ia  p r e s e n t .
The e x p e r i m e n ta l  r e s u l t s  show t h a t  t h e  r e a c t i o n  b e tw een  t h e  
h i s t a m i n e - l i b e r a t o r s  and p h o s p h a te s  can  o c c u r  a t  a  v e r y  low 
c o n c e n t r a t i o n .  I n  t h e  c a s e  o f  p ro p a m id in e ,  t h e  e n d - p ro d u c t  i s  
an  i n s o l u b l e  com plex h a v in g  t h r e e  m o le c u le s  o f  t h e  d ru g  l i n k e d  
t o  one o f  ATP. I t  i s  m ost l i k e l y  t h a t  t h e  r e a c t i o n  p ro c e e d s  i n  
s e v e r a l  s t a g e s  i n  w h ich  f i r s t  one m o le c u le  and th e n  two m o le c u le s  
o f  t h e  l i b e r a t o r  com bine v / i th  t h e  n u c l e o t i d e .  S hou ld  t h e s e  two 
i n t e r m e d i a t e  com plexes  be  w a te r  s o l u b l e ,  t h e n  t h e i r  f o r m a t io n  
w ould  n o t  b e  r e v e a l e d  by  t h e  m ethods u s e d .  The c o m b in a t io n  o f  
o n ly  one m o le c u le  o f  t h e  d ru g  w i th  ATP m igh t s u f f i c e  t o  r e n d e r  
t h e  n u c l e o t i d e  q u i t e  i n a c t i v e  a s  f a r  a s  t h e  enzym ic s p l i t t i n g  
and  u t i l i s a t i o n  o f  i t s  h ig h - e n e r g y  p h o s p h a te  bond i s  c o n c e rn e d .  
T hus , t h e s e  d ru g s  w ould be  p h y s i o l o g i c a l l y  a c t i v e  a t  much lo w e r  
c o n c e n t r a t i o n s  t h a n  t h e  u l t r a - v i o l e t  m easu rem en ts  im p ly ,  s im p ly  
b e c a u s e  t h e  d e p r e s s i o n  o f  t h e  U/V s p e c t r a  depends  on t h e  
a p p e a ra n c e  o f  a  w a te r  i n s o l u b l e  com plex c o n t a i n i n g  t h r e e  m o le c u le s  
o f  t h e  d ru g  com bined t o  one o f  t h e  p h o s p h a te .
Some h i s t a m i n e  l i b e r a t o r s  h ave  b e e n  found  t o  hav e  a  s l i g h t  
s t i m u l a t i n g  e f f e c t  on t i s s u e  r e s p i r a t i o n  when t h i s  i s  m e asu red
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i n  a  p h o s p h a t e - f r e e  b u f f e r .  I n  t h e s e  i n i t i a l  e x p e r im e n ts  a  r a t h e r  
t o x i c  b u f f e r  sy s te m  (sod ium  b o r a t e )  was u s e d ,  b u t  i t  i s  i n t e n d e d  
to  r e p e a t  t h e  work i n  a  b ic a rb o n a te -G O ^  sy s te m . T h is  r e s p i r a t o r y  
e f f e c t  i s  s i m i l a r  t o  t h a t  o f  " u n c o u p l in g  a g e n t s "  w h ich  d i s s o c i a t e  
o x i d a t i o n  i n  t h e  K rebs  c y c le  f rom  t h e  e s t é r i f i c a t i o n  o f  i n o r g a n i c  
p h o s p h a te  and t h e  f o r m a t io n  o f  h ig h  en e rg y  p h o s p h a te  b o n d s .  T h is  
d i s r u p t i o n  h a s  two p r i n c i p a l  r e s u l t s ;  f i r s t l y  t h e  c o n c e n t r a t i o n  
o f  ATP d im i n i s h e s ,  and s e c o n d ly  t h e  r e s p i r a t o r y  r a t e  r i s e s .  I t  
a p p e a r s  t h a t  t h e  e s t é r i f i c a t i o n  o f  i n o r g a n i c  p h o s p h a te  a c t s  a s  a  
b r a k e  on a e r o b i c  o x i d a t i o n  i n  t h e  m i to c h o n d r ia .  Y/hen t h e  l i n k  
be tv ;een  t h e  two p r o c e s s e s  i s  b ro k e n ,  t h e  o x i d a t i v e  m echanism  t h e n  
t r i e s  t o  f u n c t i o n  a t  i t s  m axim al r a t e .
H ence, t h e r e  may be  an  i n d i c a t i o n  h e r e  t h a t  some h i s t a m i n e  
l i b e r a t o r s  a r e  " u n c o u p l in g  a g e n t s "  o f  a  v e r y  s p e c i a l  k in d .
D i n i t r o p h e n o l  and g r a m i c i d i n ,  two p o w e rfu l  u n c o u p l in g  compounds, 
do n o t  r e l e a s e  h i s t a m i n e .  However, t h e  a c t i o n  o f  t h e  l i b e r a t o r s  
may c o n s i s t  o f  b l o c k i n g  t h e  u t i l i z a t i o n  o f  o r g a n ic  p h o s p h a te s  i n  | 
t h e  " h i s t a m in e  pump" r a t h e r  t h a n  i n  p r e v e n t i n g  t h e  e s t é r i f i c a t i o n  
o f  p h o s p h a te  m o le c u le s .
( c)  The h i s t a m i n e - l i b e r a t i n g  p r o p e r t i e s  o f  some a n t i h i s t a m i n e s  
i n  h ig h  c o n c e n t r a t i o n  ; t h e  a c t i o n  o f  an  a n t ih i s t a m in W  depends on 
i t s  a b i l i t y  t o  com pete w i th  h i s t a m i n e  f o r  t h e  r e c e p t o r s  on sm ooth 
m u sc le  f i b r e s  and o t h e r  e f f e c t o r  c e l l s .  An im p o r ta n t  p r o p e r t y  o f  
a  s u c c e s s f u l  c o m p e t i t o r  i s  t h a t  i t  m ust be  so s t r o n g l y  bound t o  the" 
r e c e n t o r  t h a t  h i s t a m i n e  i s  u n a b le  t o  d i s l o d g e  i t .  T h is  p r o p e r t y
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dep en d s  l a r g e l y  on a  c l o s e  s i m i l a r i t y  b e tw e en  t h e  c h e m ic a l  
s t r u c t u r e  o f  t h e  a n t i h i s t a m i n i c  and t h a t  o f  h i s t a m i n e .  P o w e rfu l  
a n t i h i s t a m i n e s  su ch  a s  th y m o x y e th y l -d im e th y la m in e , A n te rg a n ,  
P h e n e rg a n ,  B e n a d ry l  and Mepyramine a r e  a l l  s t r u c t u r a l l y  r e l a t e d  
t o  h i s t a m i n e  ( F i g .  37) (W ooley, 1 9 5 2 ) .  At r e l a t i v e l y  lov; 
c o n c e n t r a t i o n s , t h e s e  d ru g s  com pete a g a i n s t  h i s t a m i n e  f o r  i t s  
r e c e p t o r s  on t h e  c e l l  s u r f a c e .  I n  h ig h  c o n c e n t r a t i o n s  h o w ev e r , 
t h e s e  same s u b s t a n c e s  w i l l  l i b e r a t e  h i s t a m i n e  fro m  t h e  c e l l .
I n  te rm s  o f  t h e  " h i s ta m in e  pump", t h i s  a c t i o n  can  b e  
e x p la in e d  a s  fo l lo v ^ s .  The pump w i l l  c o n s i s t  o f  s e v e r a l  enzym es, 
some f o r  u t i l i s i n g  ATP and o t h e r s  f o r  h a n d l in g  h i s t a m i n e .  The 
l a t t e r  w i l l  p o s s e s s  a c t i v e - s i t e s  h a v in g  a  c o n f i g u r a t i o n  b e s t  
s u i t e d  f o r  t h e  f o r m a t io n  o f  an  e n zy m e-h is ta m in é  r e v e r s i b l e  l i n k .  
VAien how ever a  h ig h  c o n c e n t r a t i o n  o f  t h e  a n t i h i s t a m i n e s  a r e  g iv e n ,  
t h e s e  d r u g s , i n s t e a d  o f  k e e p in g  t o  t h e  s u r f a c e  o f  t h e  c e l l ,  w i l l  
p e n e t r a t e  i n t o  t h e  i n t r a c e l l u l a r  f l u i d , a n d  th e n  come i n  c o n t a c t  
v ; i th  t h e  enzymes o f  t h e  " h i s ta m in e  pump". The a n t i h i s t a m i n e s  w i l l  
p r e f e r e n t i a l l y  a d h e re  t o  t h e  h is ta m in e -e n z y m e  s i t e s  i n  an  
i r r e v e r s i b l e  m anner, j u s t  a s  t h e y  do on t h e  e x t r a c e l l u l a r  
r e c e p t o r s .  As a  r e s u l t ,  t h e  a c t i o n  o f  t h e  pump w i l l  be  a r r e s t e d  
and t h e  i n t r a - m i t o c h o n d r i a l  h i s t a m i n e  w i l l  s p i l l  p u t  i n t o  t h e  
c e l l s  and e x t r a c e l l u l a r  f l u i d .
T hus, t h e  a c t i o n  o f  t h e  pump may be a b o l i s h e d  i n  one o f  two 
ways : e i t h e r  by  i n t e r f e r e n c e  w i th  t h e  e n e rg y  s u p p ly  t o  t h e  sy s te m
( b l o c k  b e tw een  enzymes A and D ), o r  e l s e  by  i n a c t i v a t i o n  o f  t h e
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h i s t  a m in e - c a r r y in g  g ro u p  o f  enzymes ( b lo c k  b e tw e e n  enz;^mes A and 
B o r  B and G) .
( d) The r e l e a s e  of p o ly p e p t id e s  by  h i s t a m i n e  l i b e r a t o r s  a n d t h e i r  
a p p e a ra n c e  i n  a n a p h y l a x i s ; So f a r  i t  h a s  b e e n  assum ed t h a t  t h e  
o n ly  h i s t a m i n e  i n  a  t i s s u e  i s  t h a t  c o n ta in e d  w i t h i n  t h e  m i to ­
c h o n d r i a .  T h ere  i s  e v id e n c e  how ever t h a t  o t h e r  s t r u c t u r a l  u n i t s  j 
su c h  a s  t h e  c e l l  membrane a l s o  p o s s e s s  some h i s t a m i n e .  The 1 ■
r e a s o n  f o r  t h i s  view  i s  t h a t  h i s t a m i n e  r e l e a s e  may o c c u r  v/hen a  ; |
s e n s i t i z e d  o rg a n  i s  p e r f u s e d  w i th  i t s  a n t i g e n .  The r e s p o n s e  o f  |
• 1
a  s e n s i t i z e d  u t e r u s  t o  i t s  s p e c i f i c  a n t i g e n  i s  a lm o s t  im m ed ia te  '
and t h e  r e l e a s e  o f  h i s t a m i n e  o c c u rs  w i t h i n  a  f r a c t i o n  o f  a  s e c o n d ,
even  when t h e  a n t i g e n  b e lo n g s  t o  t h e  g l o b u l i n  c l a s s  o f  p r o t e i n s  
whose m o le c u la r  w e ig h t s  may be  a s  h ig h  a s  2 ,0 0 0 ,0 0 0 .  T ak in g  i n t o  
a c c o u n t  t h e  s i z e  o f  t h e  a n t i g e n  m o le c u le  and t h e  p ro m p tn e s s  o f  t h e  
r e s p o n s e ,  i t  i s  m ost u n l i k e l y  t h a t  su c h  a  m o le c u le  c o u ld  r e a c h  t h e  
i n s i d e  o f  t h e  c e l l  w i t h i n  a  f r a c t i o n  o f  a  s e c o n d .  I t  i s  r e m a rk a b le  
enough t h a t  i t  can  even p e n e t r a t e  t h e  v a s c u l a r  bed  and r e a c h  t h e  
c e l l  s u r f a c e  i n  su c h  a  s h o r t  t im e .  F o r  t h e s e  r e a s o n s  i t  must be
assum ed t h a t  l a r g e  a n t i g e n  m o le c u le s  i n t e r f e r e  w i th  a  m e ta b o l i c
p r o c e s s  on t h e  c e l l  membrane. The u n io n  o f  t h e  a n t i g e n  and a n t i ­
body c o u ld  c a u s e  a  c o n s i d e r a b l e  a l t e r a t i o n  i n  t h e  s p a t i a l  
c o n f i g u r a t i o n  o f  t h e  a n t ib o d y ,  a  change w hich  c o u ld  mask enzym ic 
s i t e s  on t h e  p r o t e i n  and so r e d u c e  o r  a b o l i s h  i t s  n o rm a l m e ta b o l i c  
a c t i v i t y  o r  p r e v e n t  i t  f ro m  i n t e r a c t i n g  w i th  o t h e r  enzyme s y s te m s .  
S h o u ld  t h e  s t a b i l i t y  o f  t h e  h i s t a m i n e - p r o t e i n  l i n k  depend on
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m e ta b o l i c  p r o c e s s e s  i n v o l v i n g  th e  u s e  o f  h ig h - e n e r g y  p h o s p h a te  
b o n d s j  i t  can  be s e e n  t h a t  a f t e r  t h e  a n t i g e n - a n t i b o d y  r e a c t i o n  
t h i s  p a r t  o f  t h e  c e l l  s u r f a c e  would r e l e a s e  h i s t a m i n e  w hich  would 
s t i m u l a t e  t h e  sm ooth m u sc le  i n  t h e  t i s s u e .
H ence, i n  a n a p h y l a x i s ,  t h e  m e ta b o l i c  p r o c e s s e s  t a k i n g  p l a c e  
a t  t h e  c e l l  s u r f a c e  w i l l  be d i s r u p t e d  w hereas  t h e  h i s t a m i n e -  
l i b  e r a t o r s  w i l l  . d i s o r g a n i s e  t h e  m e ta b o l ic  p o r c e s s e s  o f  t h e  m i to ­
c h o n d r i a .  I t  i s  f r e q u e n t l y  s t a t e d  t h a t  t h e  c h e m ic a l  r e a c t i o n s  
w i t h i n  a  c e l l  a r e  a l l  h e l d  i n  a  d e l i c a t e  s t a t e  o f  e q u i l i b r i u m  so 
t h a t  m arked ch an g es  i n  t h e  a c t i v i t y  o f  one g ro u p  o f  enzymes w i l l  
h av e  r e p u r c u s s i o n s  on r e l a t e d  c h e m ic a l  p r o c e s s e s .  The a p p e a ra n c e  
o f  v a r i o u s  p o l y p e p t i d e s  d u r in g  a n a p h y la x i s  o r  f o l l o w in g  t h e  e f f e c t  
o f  l i b e r a t o r s  s u g g e s t s  t h a t  p r o t e i n  s y n t h e s i s  and t h e  f o r m a t io n  o f  
p e p t i d e  bonds i s  a l t e r e d  u n d e r  t h e s e  c o n d i t i o n s .
Up t o  now i t  h a s  n o t  b ee n  p o s s i b l e  t o  s y n t h e s i z e  a  p r o t e i n  
i n  t i s s u e  e x t r a c t s  i n  v i t r o ,  b u t  t h e  f o r m a t io n  o f  p e p t i d e  bonds 
i n  s u b s t a n c e s  l i k e  g l u t a t h i o n e  h a s  b e e n  shown to  depend  on e n e rg y  
fro m  d o n o rs  su c h  a s  ATP ( s e e  I n t r o d u c t i o n  p . 3 / ) .  Many a u t h o r i t i e s  
t h e r e f o r e  c o n c lu d e  t h a t  p r o t e i n  and p o ly p e p t id e  s y n t h e s i s  i s  v iv o  
i s  a l s o  A T P -d ep en d en t. I t  i s  s u g g e s te d  t h a t  t h e  d i s r u p t i o n  i n  
m e ta b o l is m  w hich  l e a d s  t o  t h e  r e l e a s e  o f  h i s t a m i n e  w i l l  a f f e c t  
o t h e r  p r o c e s s e s  w i t h i n  t h e  c e l l ,  i n c l u d i n g  t h a t  o f  p e p t i d e  bond 
f o r m a t io n  and p r o t e i n  s y n t h e s i s .  As a  r e s u l t , p o l y p e p t i d e s  w i l l  
t e n d  t o  be  d i s s o c i a t e d  f ro m  t h e i r  s i t e s  o f  f o r m a t io n  and w i l l  t h e n  
p a s s  i n t o  t h e  e x t r a c e l l u l a r  f l u i d «
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The scheme f o r  t h e  ’’h i s t a m i n e  pump” shows t h a t  once t h e  
h i s t a m i n e  i s  c o n c e n t r a t e d  w i t h i n  t h e  c y to p la s m ic  g r a n u l e s ,  i t  
t e n d s  t o  d i f f u s e  o u t  a g a in  an.d so h a s  t o  he  ’ r e - s e c r e t e d ’ . At 
t h e  moment, t h e  n o rm a l f u n c t i o n s  o f  h i s t a m i n e  a r e  l a r g e l y  unknown. 
I t  i s  an  im p o r ta n t  f a c t o r  i n  t h e  p r o t e c t i v e  m echanism s o f  in f l a m ­
m a t io n  h u t  t h e  o n ly  p h y s i o l o g i c a l  f u n c t i o n  w hich  h a s  b e e n  a s c r i b e d  
t o  h i s t a m i n e  i s  i t s  s t i m u l a t i o n  o f  g a s t r i c  a c i d  s e c r e t i o n .  Code, 
i n  f a c t  r e g a r d s  i t  a s  t h e  g a s t r i c  s e c r e t o r y  hormone (God(e, 1 9 5 5 ) .
The p r i n c i p l e  r e s u l t s  o f  t h e  e f f e c t s  o f  h i s t a m i n e  a r e  ( i )  
s t i m u l a t i o n  o f  t h e  c o n t r a c t i o n  o f  smooth m u sc le  f i b r e s ,  ( i i )  t h e  
s e c r e t i o n  o f  an  a c i d  g a s t r i c  j u i c e ,  ( i i i )  s t i m u l a t i o n  o f  t h e  
s e c r e t i o n  o f  m ucous, and ( i v )  an  i n c r e a s e  i n  c e l l  p e r m e a b i l i t y .
A l l  t h e s e  e f f e c t s  can  be o b ta in e d  w i th  v e ry  low c o n c e n t r a t i o n s  o f  
h i s t a m i n e .  I t  seems r e a s o n a b l e  t o  su p p o se  t h e r e f o r e  t h a t  t h e s e  
r e s u l t s  may be  r e g a r d e d  a s  t h e  n o rm a l,  n o n - t o x i c  a c t i o n s  o f  t h i s  
s u b s t a n c e .  I t  i s  o n ly  when h i s t a m i n e  a p p e a r s  i n  r e l a t i v e l y  
e x c e s s i v e  am ounts t h a t  a  p a t h o l o g i c a l  c o n d i t i o n  d e v e lo p s .
A l l  t h e  f o u r  a c t i o n s  o f  h i s t a m i n e  make t h e  e f f e c t o r  c e l l s  
p e r fo rm  w ork, e i t h e r  m e c h a n ic a l  (m u sc le  s h o r t e n i n g )  o r  c h e m ic a l  
( s e p a r a t i o n  and c o n c e n t r a t i o n  o f  i o n s ,  mucous s e c r e t i o n  o r  ch an g es  i 
i n  p e r m e a b i l i t y ) .  The r i s e  i n  t h e  oxygen co n su jn p tio n  o f  h i s t a m i n e  
s t i m u l a t e d  t i s s u e s  shows t h a t  t h e s e  p r o c e s s e s  a r e  c l o s e l y  
c o n n e c te d  w i th  t h e  o x i d a t i v e  c y c l e s  o f  m e ta b o l ism . The f a c t  ( a )  
t h a t  h i s t a m i n e  i n  v e r y  low c o n c e n t r a t i o n s  can  s t i m u l a t e  t h e s e  
a c t i v e  p r o c e s s e s ,  and  (b )  t h a t  i t  i s  c o n c e n t r a t e d  a t  m e t a b o l i c a l l y
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a c t i v e  s i t e s ,  i . e .  t h e  m i to c h o n d r ia  and c e l l  m em branes, i m p l i e s  i 
t h a t  h i s t a m i n e  i s  i n t i m a t e l y  c o n n e c te d  e i t h e r  d i r e c t l y  w i th  t h e  | 
a e r o b i c  p r o c e s s  o r  i n d i r e c t l y  w i th  t h e  d i s t r i b u t i o n  o f  e n e rg y  
from  t h e  t r i c a r b o x y l i c  a c i d  c y c le  t o  d i f f e r e n t  m e ta b o l i c  p r o c e s s e s .  
The p r e c i s e  f u n c t i o n  i s  o f  c o u r s e  unknown b u t  one p o s s i b i l i t y  i s  
t h a t  h i s t a m i n e  i n f l u e n c e s  t h e  o v e r a l l  a e r o b i c  p r o c e s s  by  
a l t e r a t i o n  o f  t h e  p e r m e a b i l i t y  o f  t h e  m i to c h o n d r ia  t h e m s e lv e s .
T h is  would c o n t r o l  t h e  e n t r y  o f  s u b s t r a t e s  i n t o  t h e s e  g r a n u l e s  
and t h e r e f o r e  r e g u l a t e  t h e  r a t e  a t  w hich  e n e rg y  d o n o rs  (ATP) c o u ld  
l e a v e .  I t s  d i f f u s i o n  from  t h e  g r a n u le s  would depend on t h e  r a t i o  
o f  t h e  c o n c e n t r a t i o n  o f  h i s t a m i n e  w i t h i n  t h e  m i t o c h o n d r ia  t o  t h a t  
i n  t h e  i n t r a c e l l u l a r  f l u i d .  The v a lu e  o f  t h i s  r a t i o  w ould i n  t u r n  
depend  on t h e  a v a i l a b i l i t y  o f  ATP and t h e  p r o p o r t i o n s  u se d  f o r  
e s s e n t i a l  b u t  d i f f e r e n t  m e ta b o l i c  p r o c e s s e s .
The c o n s t a n t  t u r n o v e r  o f  h i s t a m i n e  may seem a  w a s t e f u l  
p r o c e s s  b u t  i t  i s  a n a lo g o u s  t o  t h e  way i n  w hich  t h e  t i s s u e  c e l l s  
d e a l  w i th  o t h e r  s u b s t a n c e s  i n c l u d i n g  w a te r .  I t  i s  u s u a l l y  
assum ed t h a t  t i s s u e  c e l l s  a r e  i n  o sm o tic  e q u i l i b r i u m  w i th  t h e  
e x t r a c e l l u l a r  f l u i d .  T h is  c o n d i t i o n  a p p e a r s  t o  b e  e x c e p t i o n a l  
how ever f o r  i t  h a s  b e e n  fo u n d  t h a t  many c e l l s  b eh av e  a s  th o u g h  
t h e i r  o sm o tic  p r e s s u r e s  a r e  two t o  t h r e e  t im e s  t h a t  o f  t h e  p la sm a  
( B a r t l e y ,  D av ie s  and  K re b s ,  1 9 5 4 ) .  The u se  o f  i s o t o p e s  h a s  shown 
t h a t  t i s s u e  s l i c e s  a r e  c o n s t a n t l y  pumping o u t  w a te r  by a c t i v e  
p r o c e s s e s  and i n  t h i s  way m a in t a in  a  c o n c e n t r a t i o n  o f  e l e c t r o l y t e s   ^
w h ich  g iv e  an  o sm o t ic  p r e s s u r e  f a r  g r e a t e r  t h a n  t h a t  o f  t h e  e x t r a -
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c e l l u l a r  f l u i d .  T h is  c o n s t a n t  ’’s e c r e t i o n ” o f  w a te r  dep en d s  on 
t h e  a v a i l a b i l i t y  o f  t h e  s u b s t r a t e s  o f  t h e  K rebs  c y c l e .  Thus t h e  
way i n  w h ich  c e l l s  d e a l  w i th  w a te r  i s  a n a lo g o u s  t o  t h e  m echanism  
s u g g e s te d  f o r  t h e  m i t o c h o n d r i a l  m e ta b o l is m  o f  h i s t a m i n e .
The work o f  S c h a y e r  (1 9 5 2 )  p r o v id e s  some d a t a  b o th  f o r  and  
a g a i n s t  t h i s  i d e a  o f  a  ’’h i s t a m i n e  pump” . S u b c u ta n e o u s  i n j e c t i o n s  
o f  0^"^ l a b e l l e d  h i s t a m i n e  ( 0 * 0 5 ^ g / g . )  w ere  g iv e n  t o  g u i n e a - p i g s  
whose t i s s u e s  w ere t h e n  exam ined f o u r  h o u rs  l a t e r ;  a f t e r  t h i s  
i n t e r v a l ,  no r a d i o a c t i v e  h i s t a m i n e  c o u ld  be d e t e c t e d  i n  t h e  b lo o d ,  
l u n g s ,  k id n e y  o r  i n t e s t i n e s ,  w h ereas  p r a c t i c a l l y  a l l  t h e  d o se  was 
r e c o v e r e d  i n  t h e  u r i n e .  T hese  r e s u l t s  w ere t h e n  com pared  w i th  
t h e  e f f e c t  o f  s u b c u ta n e o u s  i n j e c t i o n s  o f  l a b e l l e d  h i s t i d i n e  
(2  yug /s* )*  T h is  t i m e ,  r a d i o a c t i v e  h i s t a m i n e  was d e t e c t e d  i n  t h e  
t i s s u e s  f o r  a s  lo n g  a s  15 days and  o n ly  a  r e l a t i v e l y  s m a l l  
p r o p o r t i o n  a p p e a re d  i n  t h e  u r i n e .  S c h a y e r  c o n c lu d e s  t h a t  t h e  
h i s t a m i n e  bound t o  t h e  t i s s u e s  o r i g i n a t e s  f rom  t h e  d e c a r b o x y l a t i o n  
o f  h i s t i d i n e  and  n o t  f ro m  c i r c u l a t i n g  exogenous h i s t a m i n e .  Some 
t i s s u e s ,  e . g .  t h e  l u n g s ,  k id n e y  and i n t e s t i n e ,  a p p a r e n t l y  c o n t a i n  
a  b i n d i n g  m echanism  w hich  e n a b le s  them  t o  r e t a i n  endogenous 
h i s t a m i n e  f o r  a  c o n s i d e r a b l e  p e r i o d  o f  t im e .
T hese  r e s u l t s  s u p p o r t  t h e  ’’pump” t h e o r y  t o  t h e  e x t e n t  t h a t  
t h e  e x i s t e n c e  o f  a  ’’h i s t a m i n e - b i n d i n g ” m echanism  i s  s u g g e s te d ,  b u t  
t h e y  oppose  i t  by  show ing  t h a t  exogenous h i s t a m i n e  i s  n o t  t a k e n  
up  by  t h e  pump. As h i s t a m i n e  i s  so  d i f f u s a b l e ,  t h e  l a b e l l e d  
m a t e r i a l  m ust c e r t a i n l y  h ave  r e a c h e d  t h e  i n s i d e  o f  t h e  t i s s u e
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c e l l s  b u t  t h e  f a i l u r e  t o  r e t a i n  i t  may be  a c c o u n te d  f o r  by  t h e  
p o s s i b i l i t y  t h a t  t h e  m i to c h o n d r ia  w ere  a l r e a d y  c a r r y i n g  t h e i r  
f u l l  l o a d  o f  h i s t a m i n e  and c o u ld  n o t  h o ld  any  m ore . T h is  
s i t u a t i o n  i s  r a t h e r  u n l i k e l y  how ever, s i n c e  t h e  h i s t a m i n e  d e r i v e d  
f ro m  h i s t i d i n e  was k e p t  i n  t h e  t i s s u e s  f o r  a  c o n s i d e r a b l e  t i m e .
T h e re  a r e  o t h e r  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e s e  f a c t s  
ho w ev er. One i s  t h a t  t i s s u e  h i s t a m i n e  o r i g i n a t e s  f ro m  p r e c u r s o r s  
su c h  a s  h i s t i d i n e  and  t h a t  t h e  enzyme, h i s t i d i n e  d e c a r b o x y la s e ,  
i s  so  c l o s e l y  a s s o c i a t e d  w i th  t h e  m i t o c h o n d r i a l  "pump” sy s te m  
t h a t  b e f o r e  h i s t a m i n e  can  be s e c r e t e d  i t  m ust f i r s t  be  t r a n s f e r r e d  
f ro m  t h e  d e c a r b o x y la s e  enzyme, w h ich  th u s  a c t s  a s  a  h i g h l y  s p e c i ­
f i c  d o n o r  t o  t h e  pump. A n o th e r  p o s s i b i l i t y  i s  t h a t  t h e  r a t e  a t  
w h ich  h i s t a m i n e  d i f f u s e s  f rom  t h e  m i to c h o n d r ia  and  t h e  r a t e  a t  
w h ich  i t  i s  r e c a p t u r e d  and pumped b a c k  i s  so  h ig h  t h a t  exogenous 
h i s t a m i n e  c a n n o t  e n t e r  t h e  m echanism . A t h i r d  s u g g e s t i o n  i s  t h a t  
b e f o r e  b e in g  s e c r e t e d ,  t h e  h i s t a m i n e  m o le c u le  m ust e i t h e r  be  
f i x e d  t o  a  s u i t a b l e  " d o n o r” a s  s u g g e s te d  above o r  e l s e  t h a t  i t  
m ust be  c h e m ic a l ly  a c t i v a t e d  i n  some way. T h is  p r o c e s s  would 
a p p e a r  t o  b e  u n a v a i l a b l e  t o  exogenous h i s t a m i n e .
S c h a y e r ’ s r e s u l t s  show t h a t  t h e  t u r n o v e r  o f  h i s t a m i n e  i s  v e r y  
s lo w  and t h a t  i n  t h e  body t h e  h a l f - l i f e  o f  bound h i s t a m i n e  i s  
a p p r o x im a te ly  50 d a y s .  P e ld b e rg  and T a l e s n i k  (1 9 5 3 )  a l s o  fo u n d  
t h a t  d e p l e t e d  t i s s u e s ,  f o r  exam ple t h e  s k i n  o f  dogs o r  o f  r a t s ,  
r e g a i n e d  h i s t a m i n e  a t  a  v e r y  s low  r a t e ,  w hich  a p p r o x im a te s  t o  
S c h a y e r* s  v a l u e s .
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The o r i g i n  o f  h i s t a m i n e ,  a p a r t  f ro m  i t s  p r o d u c t i o n  f ro m  t h e  
am ino a c i d  h i s t i d i n e ,  i s  l a r g e l y  unknown. O th e r  s u b s t a n c e s  may 
w e l l  be p r e c u r s o r s  -  f o r  i n s t a n c e ,  C a n e l l a k i s  and Cohen (1 9 5 5 )  
h av e  shown t h a t  u r i c a s e  fo rm s im id a z o le  d e r i v a t i v e s  ( 5 - u r e i d o - 2 -  
i m i d a z o l i d o n e - 4 , 5 d i o l ,  4 c a r b o x y l i c  a c i d )  f ro m  u r i c  a c i d ,  w h i le  
Ames and  M i t c h e l l  (19 5 5 )  have  fo u n d  t h a t  i m i d a z o l e - g l y c e r y l  
p h o s p h a te  i s  a  p r e c u r s o r  o f  h i s t i d i n e  i n  N e u ro s p o ra  and  t h a t  i n  
t u r n  t h e  c a rb o n  atom s o f  t h e  i m i d a z o l e - g l y c e r y l  b a s e  a r i s e  f ro m  
s u g a r s  su c h  a s  r i b o s e .  The o r i g i n  o f  h i s t a m i n e  may w e l l  depend  
t h e r e f o r e  on s e v e r a l  m e ta b o l i c  r e a c t i o n s  w h ich  t r a n s f e r  t h e i r  end 
p r o d u c t s  t o  t h e  h i s t a m i n e  pump v i a  enzym ic c a r r i e r s .  U nder t h e s e  
c i r c u m s ta n c e s ,  t h e  f r e e  exogenous h i s t a m i n e  w i t h i n  t h e  c e l l  w i l l  
n e i t h e r  be  s e c r e t e d  i n t o  t h e  m i to c h o n d r ia  n o r  bound on t o  t h e  
t i s s u e  p r o t e i n  ( F i g .  3 8 ) .
Z e l l e r  (1951 ) h a s  s u g g e s te d  t h a t  t h e  sh o ck  w h ich  f o l l o w s  an  
i n j e c t i o n  o f  v a r i o u s  sn a k e  venoms may b e  due t o  e x h a u s t io n  o f  t h e  
a n i m a l ' s  u s u a l  s o u r c e s  o f  e n e rg y .  Many venoms c o n t a i n  o p h io -  
a d e n o s i n e - t r i p h o s p h a t a s e , t o g e t h e r  w i th  o t h e r  enzym es, w h ich  
e i t h e r  d e s t r o y  i n t e r m e d i a t e s  o f  e n e rg y  m e ta b o l ism  s u c h  a s  h e x o s e  
p h o s p h a te ,  o r  e l s e  a t t a c k  e s s e n t i a l  coenzyme p h o s p h a te s  su c h  a s  
CoE 1 and  2. The f o r m a t io n  o f  h ig h - e n e r g y  p h o s p h a te  bonds  i s  
t h e r e f o r e  b lo c k e d  a t  s e v e r a l  s t a g e s  o f  t h e  m e ta b o l i c  c h a in  and  so 
t h e i r  c o n c e n t r a t i o n  r a p i d l y  d im i n i s h e s .
F u r t h e r  e v id e n c e  f o r  a  c o n n e c t io n  b e tw een  h i s t a m i n e  and 
e n e rg y  m e ta b o l is m  i s  p r o v id e d  by  m easu rem en ts  o f  t h e  c o n c e n t r a t i o n
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w h ich  h i s t a m i n e  r e a c h e s  i n  t h e  s k i n  o f  a n im a ls  w i t h  c e r t a i n  
d i s e a s e s .  I n  r a t s  w i th  o v e r - a c t i v e  t h y r o i d s ,  s k i n  h i s t a m i n e  
c o n c e n t r a t i o n  r i s e s  from  11 t o  2 2 j j g / g .  ( G o l t z  and D r a g s t e d t ,  
1 9 4 0 ) ,  w h i le  i n  humans w i th  ad v an ced  c a n c e r  o f  t h e  b r e a s t ,  su b ­
n o rm a l  s k i n  h i s t a m i n e  v a l u e s  a r e  o b t a in e d  ( P e ld b e r g  and L o e s s e r ,  
1 9 5 4 ) .  The r e s u l t s  from  h y p e r t h y r o i d  a n im a ls  a r e  o f  i n t e r e s t  
when i t  i s  rem em bered t h a t  e n e rg y  i s  i n c r e a s e d  i n  t h i s  c o n d i t i o n  
and t h a t  i t s  u t i l i s a t i o n  i s  h i g h l y  i n e f f i c i e n t .  One e f f e c t  o f  
t h i s  ab u n d an ce  o f  e n e rg y  m ig h t be  t h a t  a  c o n s i d e r a b l e  p r o p o r t i o n  
o f  t h e  a v a i l a b l e  e n e rg y -d o n o r s  a r e  d i v e r t e d  i n t o  t h e  s e c r e t i o n  
o f  h i s t a m i n e  i n t o  t h e  m i to c h o n d r ia .  I n  t h e  c a s e  o f  c a n c e r ,  
e n e rg y  i s  l i b e r a t e d  l a r g e l y  v i a  an  a n a e r o b ic  m echanism  w h ich  i s  
c o n s i d e r a b l y  s lo w e r  and  l e s s  e f f i c i e n t  i n  fo rm in g  h ig h - e n e r g y  
p h o s p h a te  bonds when com pared w i th  t h e  K rebs c y c l e .  A 
r e s t r i c t i o n  i n  t h e  a v a i l a b i l i t y  o f  ATP o r  a  change  i n  t h e  f
d i r e c t i o n  i n  w h ich  i t  i s  u t i l i z e d  would t h u s  r e d u c e  t h e  a c t i o n  
o f  t h e  "pump" c o n s i d e r a b l y .  :!
R e c e n t ly ,  i t  h a s  b een  shown t h a t  v a r i o u s  o r g a n ic  p h o s p h a te s  • 
( c e t y l p h o s p h a t e  and c e t y l  m e th y l  p h o s p h a te )  fo rm  s t a b l e  com plexes  i- 
w i t h  a  v a r i e t y  o f  am ines a t  w a te r - c h l o r o f o r m  i n t e r f a c e s  ( H i r t
V i
j .
and  B e r c h t o l d ,  1 9 5 4 ) .  Complex f o r m a t io n  i s  p a r t i c u l a r l y  m arked
w i t h  h i s t a m i n e  f o r  i t  u n d e rg o e s  t h i s  r e a c t i o n  a t  v e r y  low .
c o n c e n t r a t i o n s  (5  x 10" M. h i s t a m i n e  2HC1). A f u r t h e r  rem a rk ­
a b l e  p o i n t  i s  t h a t  t h e  c o m b in a t io n  be tw een  h i s t a m i n e  and  t h e s e  
o r g a n ic  p h o s p h a te s  c a n  be b lo c k e d  by N e o -a n te rg a n  i n  a  c o n e e n -
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— 5t  r a t  i o n  o f  10 M. T hese  f a c t s  s u g g e s t  t h a t  ( a )  Neo a n t e r g e n  
i s  c a p a b le  o f  b lo c k in g  t h e  "pump" and h e n c e  c a u s e  h i s t a m i n e  
r e l e a s e  b y  a n t a g o n i s i n g  t h e  r e a c t i o n  b e tw e en  h i s t a m i n e  and t h e  
enzymes "A" and "D", and ( b )  t h a t  t h e  r e c e p t o r s  on sm ooth  m u s c le s  
and o t h e r  c e l l s  w h ich  re s p o n d  t o  h i s t a m i n e  in v o lv e  a  p h o s p h a te  
g r o u p in g .
The l a s t  s u g g e s t i o n  i s  r e i n f o r c e d  by  t h e  f i n d i n g  t h a t  
h i s t a m i n e  i s  t a k e n  up by  p h o s p h a t id e s  su c h  a s  l e c i t h i n  and  
c e p h a l i n  (L in d a J i l ,  1 9 5 5 ) .  I t  i s  n o t  c e r t a i n  w h e th e r  a  t r u e  
h i s t a m i n e - p h o s p h a t i d e  m o le c u la r  compound i s  fo rm ed  f o r  t h e r e  i s  
a  p o s s i b i l i t y  t h a t  t h e  phenomenon may be due t o  a d s o r p t i o n .  
However, a s  p h o s p h a t id e s  a r e  im p o r ta n t  c o n s t i t u e n t s  o f  a l l  
t i s s u e s ,  t h e s e  r e s u l t s  may be an  i n d i c a t i o n  o f  how h i s t a m i n e  i s  
h e l d  on some t i s s u e  com ponen ts .
F u r t h e r  e x p e r im e n ta l  w ork.
I t  h a s  a l r e a d y  b een  m e n tio n e d  t h a t  some i n i t i a l  e x p e r im e n ts  
showed t h a t  h i s t a m i n e - l i b e r a t o r s  s l i g h t l y  i n c r e a s e  t h e  oxygen 
co n su m p tio n  o f  g u i n e a - p i g  t i s s u e s .  T h is  work was p e r fo rm e d  i n  
b o r a t e  b u f f e r s  t o  a v o id  i n a c t i v a t i o n  o f  t h e  d ru g s  w h ich  would 
h av e  o c c u r r e d  i f  a  p h o s p h a te  b u f f e r  had  b een  em ployed . As b o r a t e  
i s  r a t h e r  a  t o x i c  s u b s t a n c e ,  i t  i s  i n t e n d e d  t o  r e p e a t  t h e s e  
e x p e r im e n ts  i n  a  b i c a r b o n a t e - 0 0 g sy s te m , u s i n g  n o rm a l and  
s e n s i t i z e d  t i s s u e  w i th  l i b e r a t o r s  and s p e c i f i c  a n t i g e n s .  S h o u ld
a  change  i n  oxygen co n su m p tio n  be d e t e c t e d  a g a in ,  i t  w i l l  t h e n
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be  n e c e s s a r y  t o  ( a )  e l i m i n a t e  t h e  r e s p i r a t o r y  e f f e c t  due t o  t h e  
spasm  o f  sm ooth  m u sc le  f i b r e s  f o l l o w in g  t h e  r e l e a s e  o f  h i s t a m i n e ,  
( b )  t o  f i n d  t h e  p o i n t  a t  w hich  t h e  r e s p i r a t o r y  p r o c e s s  i s  
a f f e c t e d ,  and  ( c )  t o  s e e  w h e th e r  o r  n o t  t h e r e  i s  a  change i n  t h e  
r a t e  a t  w h ich  o x i d a t i v e  p h o s p h o r y la t io n  o c c u r s .
O th e r  e x p e r im e n ts ,  v/hich m ig h t  show w h e th e r  o r  n o t  h i s t a m i n e  
i s  a c t i v e l y  t r a n s f e r r e d  t o  t h e  m i to c h o n d r ia ,w o u ld  i n v o lv e  t h e  
f o l l o w i n g  s e q u e n c e : -  ( a )  o r g a n s ,  su c h  as  g u i n e a - p i g  l u n g s ,  
w ould be p e r f u s e d  and  p a r t  o f  t h e i r  h i s t a m i n e  r e l e a s e d  w i th  
l i b e r a t o r s  o r  a n t i g e n s ;  (b )  t h e  m i to c h o n d r ia  o f  t h e s e  t i s s u e s  
w ould  t h e n  be i s o l a t e d  and  a t t e m p t s  made t o  s e e  w h e th e r  h i s t a m i n e  
s e c r e t i o n  c o u ld  o c c u r  u n d e r  v a r i o u s  m e ta b o l i c  c o n d i t i o n s .  I f  
t h e  p r e s e n c e  o f  a  pump was r e v e a l e d ,  t h e n  t h e  e f f e c t s  o f  d ru g s  
( l i b e r a t o r s  and  a n t i h i s t a m i n e s )  c o u ld  be d e te r m in e d  and  t h e  
ch a n g es  o c c u r r i n g  i n  a n a p h y la x i s  would be open t o  e x a m in a t io n .
A n o th e r  a s p e c t  o f  h i s t a m i n e  m e ta b o l is m  w hich  w ould  b e  w o r th  
ex am in in g  i s  t h e  m echanism  by w h ich  i t  i s  bound on p r o t e i n s  
d u r in g  i t s  t r a n s f e r e n c e  th r o u g h  t h e  pump by  Enzymes A, B and G.
As a l r e a d y  m e n t io n e d ,  i t  h a s  b een  shown ( a )  t h a t  h i s t a m i n e  i s  
r e a d i l y  a t t a c h e d  t o  l e c i t h i n  and c e p h a l i n  e i t h e r  by  a  c h e m ic a l  
bond o r  by  a d s o r p t i o n ,  ( b )  t h a t  h i s t a m i n e  r e a c t s  w i th  l o n g - c h a i n  
p h o s p h a te s  a t  c h lo r o f o r m - w a te r  i n t e r f a c e s ,  and  ( c )  t h a t  N— a c e t y l  
im id a z o le  i s  a  p o t e n t  a c e t y l a t i n g  a g e n t . A r e c e n t  p a p e r  by  
B u r n e t t  and  Kennedy (1 9 5 5 )  shows t h a t  r a t  l i v e r  m i to c h o n d r ia  
c o n t a i n  an  enzyme w hich  t r a n s f e r s  t h e  p h o s p h a te  o f  ATP t o  t h e
F,g. 3 9
So ij^cskJ  fnt<hani$m by bishmmi combines w îtk  cell receptors and
with enzymes in the '^ '^ pump']
Enzyme or receptor pro te in
CO— CH—N/-/—CO-CH—A/H 
CHj
C H — C -’C Hx"~ C Hx“N  Hx
CH,
-p.
IIo
1 CH ^CO -N N
Enzyme or receptor pro te in
CO— CH —1
n h ^ c o — c h - n h
1
CHxI
1
CHx
1
01 N — CH1
CO CH II
1
CHs '*‘N— Ç
CHj1
CHi
NHx
“h  in o rg a n ic  'P h o tp h a k .
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s e r i n e  r e s i d u e s  o f  c a s e i n .  T h e re  i s ,  a d m i t t e d l y ,  some d o u b t 
r e g a r d i n g  t h e  e x a c t  s t r u c t u r e  o f  t h e  p h o s p h o - s e r in e  com plex f o r  
i t  may b e  a  s im p le  o r  a  d i - e s t e r .  N e v e r t h e l e s s ,  t h e s e  r e s u l t s  
do s u g g e s t  t h e  p o s s i b i l i t y  t h a t  p h o s p h a te  g ro u p s  e x i s t  on some 
p r o t e i n  m o le c u le s ,  a  f a c t  w hich  may b e  o f  some s i g n i f i c a n c e  i n  
t h e  m echanism  by w hich  h i s t a m i n e  com bines w i th  Enzymes A, B and  
C and w i th  i t s  r e c e p t o r s  on e f f e c t o r  c e l l s , a s  shown i n  F i g .  39 
i n  w h ich  t h e  d i - e s t e r  fo rm ed  by  two s e r i n e  r e s i d u e s  a c t  a s  t h e  
a c e t y l - r e c e p t o r  and  h i s t a m i n e - b i n d i n g  g r o u p s .
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APPENDIX
ESTIMATION OF RIBOSE BY MEJBATJM'S METHOD,
117,
ESTIMTIQN OF RIBOSE BY lÆBJBAmi'S METHOD (MEJBAUIÆ. 1 9 3 9 ) .
The r e a g e n t  c o n s i s t e d  o f  1?^  o r c i n o l  w i th  0*1^ f e r r i c  
c h l o r i d e  d i s s o l v e d  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  T h re e  m l.  
o f  t h i s  s o l u t i o n  and  a n  e q u a l  volum e o f  t h e  unknown w ere  h e a t e d  
i n  a  b o i l i n g  w a t e r - b a t h  f o r  tw e n ty  m in u te s .  A f t e r  c o o l i n g  and  
m aking t h e  volume up  t o  10 m l.  w i th  w a te r ,  t h e  o p t i c a l  d e n s i t y  
was r e a d  i n  t h e  S p e k k e r  a b s o r p t i o m e t e r  u s i n g  1 cm. c e l l s  and  r e d  
f i l t e r s  (C hance No. 0R 2). S ta n d a r d s  w ere  p r e p a r e d  w i th  a r a b i n o s e .
As p ro p a m id in e  i s e t h i o n a t e  i s  v e r y  s t a b l e ,  even  i n  a c i d  
s o l u t i o n ,  t h e  e f f e c t  o f  t h i s  d ru g  on t h e  c o l o u r  r e a c t i o n  was 
t e s t e d  b e f o r e  any  a n a l y s e s  w ere s t a r t e d .  The f o l l o w i n g  t a b l e  
shows t h a t  p e n to s e  e s t i m a t i o n s  w ere  c o m p le te ly  u n a f f e c t e d  by  
i t s  p r e s e n c e .
TABLE
E s t i m a t i o n  o f  r i b o s e  ( i n  te rm s  o f  a r a b i n o s e )  i n  t h e  p r e s e n c e  o f
p ro p a m id in e  i s e t h i o n a t e  ( P . I . ) .
Cone, o f  a r a b i n o s e  
i n  m l.
---------  -  ................................................ .. ...................- |
O p t i c a l  D e n s i ty
S ta n d a r d s
a lo n e
S ta n d a r d s  + 
10 mg. P . I .
5 0*036
10 0*062 0*062
15 0*103 0*100
20 0*140
25 0*175 0*172
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The p r o c e d u re  d e s c r i b e d  above was s l i g h t l y  m o d i f ie d  f o r  t h e  
a n a l y s i s  o f  t h e  A T P-propam id ine  com plex . About 5 mg. o f  t h e  
com plex was f i r s t  h y d r o ly s e d  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
and a l i q u o t s  w ere  t h e n  a s s a y e d  f o r  r i b o s e .  C a r e f u l l y  w eighed  
sam p les  o f  a r a b i n o s e  w ere s i m i l a r l y  t r e a t e d  and u s e d  a s  s t a n d a r d s  
i n  p r e p a r i n g  t h e  c a l i b r a t i o n  c u r v e .
1 1 9 .
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